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SALARIES AND EXPENSES 


Program and financing 


| 1959 actual 


1960 estimate | 1961 estimate 








| | | 
Program by activities | 
1. Support of science: | | 
(a) Grants and contracts_- niin $65, 608, 390 $88, 496, 569 | $116, 055, 000 
(5) Program development, operation, and evalua- | | 
tion = ee 1, 700, 120 2, 400, 000 2, 565, 000 
2. Support of scientific manpower 
(a) Grants and contracts ; ‘ 62, 070, 352 64, 477,317 | 67, 300, 000 
(5) Program development, operation, and evalua- 
tion i 2, 285, 432 | 2, 375, 000 
3. Executive direction and management 4 1, 275, 849 1, 705, 000 
Total obligations : 132, 940, 143 159, 162, 001 190, 000, 000 
Financing: | 
Unobligated balance brought forward ‘ —1, 320, 144 4 389. 001 J 
Unobligated balance carried forward 4, 389, 001 
New obligational authority —............. — 136, 000, 000 154, 773, 000 190, 000, 000 
New obligational authority | 
Appropriation - c 134, 000, 000 152, 773, 000 190. 000. 000 
Transferred from “Operating expenses,’’ Atomic Energy | | 
Commission (72 Stat. 881: 73 Stat. 363 2, 000, 000 2, 000, 000 
Appropriation (adjusted) z 136, 000, 000 154, 773, 000 190, 000, 000 
Obje ct classification 
1959 actual 1960 estimate | 1961 estimate 
NATIONAL SCIENCE FOUNDATION 
Total number of permanent positions 159 526 4 
Full-time equivalent of all other positions 21 29 35 
Average number of all employees I89 519 56] 
Number of employees at end of year 544 HO1 } 646 
Average GS grade and salary 7.8 $65.443 | 8.2 $6. 679 | 8.2 $A, BRS 
Average salary of ungraded positions __- $13, 241 $13, 605 $13, 183 
01 Personal services 
Permanent positions $2, SRY, 266 $3, 563, 817 $3, 846, 500 
Positions other than permanent 162, 696 941, 200 909 000 
Other personal services 84. 260 82 893 66, 50K 
Total personal services 2 236, 222 , RRR O00 4, 205, 000 
02 Travel 2h4, 2S 109, 000 $50. 000 
03 Transportation of things-.- . 14,118 1, 200 28, 000 
04 Communication services. __. 109, 070 118, 000 135, 000 
05 Rents and utility services §. ORO 300 10, 000 
06 Printing and reproduction &3, 302 1, 800 101, 000 
07 Other contractual services 11, O89, 602 4, 046, 152 8. 26, OO 
Services performed by other agencie 391, 274 23, (0 $00, 000) 
08 Supplies and materials 51, 913 53, 000 65, 000 
09 Equipment 143, 249 100, 000 5, OOK 
11 Grants, subsidies, and contribution 117. ROR, R47 146, 320, 062 175. 875, OO 
15 Taxes and assessments 8. 546 + 200 10, 000 
Total, National Science Foundation 132, 884, 418 156, 201, 314 1Y0, 000, 00t 


Mr. THoM AS. Gentlemen, will the committee please come to order. 


(GFENERAL STATEMENT 


Doctor, do you have a statement which you want to make on the 
budget ? 

Dr. Warerman. I have astatement for the record, Mr. Chairman. 

Mr. Tuomas. We shall insert your statement into the record at 
this point. 

(The statement referred to follows:) 
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Mr. Chairman and members of the committee, the state of American science 
and technology continues to share the limelight of public attention with pressing 
economic and political problems of national concern. It is vital that this 
interest call forth a satisfactory response by the Federal Government. On this 
point, it is significant to note that funds for the performance of research and 
development in the United States in 1959-60 are expected to be about 2% times 
the expenditures during 1953-54; $5.15 billion in 1953-54 as compared to an 
estimated $12.48 billion in fiscal year 1959-60. As a proportion of the gross 
national product, expenditures for research and development have also increased 
substantially. In 1953-54, 1.4 percent of a gross national product of $365 bil- 
lion was expended for research and development and it is estimated that in 
1959-60, 2.6 percent of a gross national product of $480 billion will be expended 
for research and development. The Federal Government as a fund source is the 
major contributor to this increase. As a rough estimate, about 60 percent of 
the $12.43 billion estimated national research and development expenditures 
for 1959-60, $7.45 billion, will be from Federal Government sources, largely for 
defense purposes. This is $4.7 billion increase over the $2.74 billion expended 
in 19538— for research and development by the Federal Government. 

As an approximation about 8 percent of the estimated $12.43 billion total 
1959-60 research and development expenditures of nearly $1 billion may be for 
basic research, of which about half will be from Federal fund sources. These 
approximations illustrate the growth and the order of magnitude of the Nation’s 
research and development effort. The continued productivity and growth of an 
effort of this magnitude can be sustained only by an increasing availability of 
highly trained scientific and technical manpower and an expanding base of 
fundamental scientific knowledge. It is primarily in these two areas that the 
National Science Foundation contributes to the total national scientic and tech- 
nological effort. 

Experience has demonstrated that dependence entirely or even chiefly upon 
private and corporate initiative will not come close to providing the financial 
resources for the scientific and technological accomplishments of which we are 
capable and which are necessary to maintain the necessary strength in world 
competition. Therefore, a strong sustained Federal financial support program 
is and probably will continue to be vital to our future development. 

As an important part of a total Federal Government effort for the support of 
science, the National Science Foundation has proposed in the budget document 
before you a wide range of programs which are regarded as highly important 
to the future national scientific potential of the United States and to the coun- 
try’s technological progress in the years to come. In developing these proposed 
programs for your consideration, the Foundation has relied heavily on the 
advice of the various scientific advisory bodies which proyide guidance in the 
administration of the Foundation’s statutory responsibilities, The budget which 
has been submitted for the fiscal year 1961 represents the combined judgment 
of the Foundation staff and the members of the National Science Board after 
taking all factors into consideration. 

These programs are directed to increasing our national scientific effort by 
such means as (1) supporting a broad spectrum of basic scientific research 
through grants for research by individual scientists or groups of scientists 
made primarily to institutions of higher learning, (2) providing for essential 
highly specialized research facilities, which would not otherwise be available, 
primarily for use as basic research tools by the scientists in our institutions 
of higher learning, (3) improvement, where badly needed, of graduate research 
laboratories. (4) improving the quantity and quality of our scientific manpower, 
(5) strengthening science education, (6) providing means for more rapid and 
effective dissemination of scientific information, and (7) supporting cooperative 
enterprises with other countries, such as in post-IGY activities, notably in the 
Antarctic. 

The fiscal year 1961 budget estimate totals $190 million for the regular salaries 
and expenses appropriation, an increase of $30,837.999 over the amount avail- 
able for obligation in fiscal year 1960. There is also proposed a new foreign 
currency appropriation in the amount of $1,600,000 to continue support of certain 
foreign scientific information activities which were initiated with funds appro- 
priated to the President in fiscal year 1959. 


SUPPORT OF BASIC RESEARCH 


It is estimated that total basic research proposal receipts will total $190 
million for fiscal year 1961, an increase of $33 million over the receipts for 
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fiscal year 1960. The $78,800,000 estimated for the support of basic research 
grants and contracts will provide support for 37.5 percent of the estimated 
fiscal year 1961 proposal receipts. 

In projecting the estimated research proposal reecipts, provision has been 
made for an increase in indirect cost allowances. Figures developed by the 
Foundation indicated that there was a substantial spread between the 15-percent 
rate allowed by the Foundation and the actual cost to the institutions. Because 
of the adverse effect which absorption of these costs was having on both the 
ability of the institutions to carry on research work and the maintenance of 
balanced and vigorous educational programs, the Foundation, effective January 
1, 1960, authorized institutions to request up to 20 percent of total direct costs 
as the allowance for overhead in research proposals. 

The cost of conducting basic research is increasing from year to year and 
is a factor which must be considered in our request for increased funds. Sal- 
aries are higher, modern equipment is more expensive, and the cost of supplies, 
travel, and other expenses related to research projects continue to increase. 
As an indication of the rate at which the cost of conducting basic research has 
increased, the value of the average research grant in fiscal year 1958 was 
$17,200 with an average duration of 2.09 years, and in fiscal year 1959 the 
average value had risen to $25,900, with an average duration of 2.26 years. It 
is estimated, based on actual experience through September 1959, that the 
average research grant in fiscal year 1960 will be about $30,500. The amount 
will probably increase to about $34,500 in fiscal year 1961. During the same 
fiscal year 1958 to fiscal year 1961 period the average value of the research 
proposals received will increase from $34,700 in fiseal year 1958 to an estimated 
$45,000 in fiscal year 1960 and to $50,000 in fiscal year 1961. 

Another factor which affects the need for larger research appropriations is 
the increasing number of requests for renewed support. While renewal requests 
are carefully reviewed in competition with all of the proposals received, they 
are usually granted continued support because of the established scientific value 
of the research that has been and will be conducted. As a consequence, without 
an increase in funds, the Foundation is not able to support adequately research 
proposals from investigators who have not previously applied. About 75 to 85 
percent of the amount requested for research proposal renewals is usually 
granted, whereas about 50 to 60 percent of the amounts requested for initial 
research proposals is awarded. 

Two special items deserve mention, the $5,500,000 requested for the Antarctic 
program will provide $4 million for the continued operation of a basic four- 
station scientific program plus $1,500,000 for the conversion of an ice working 
ship for research along the Antarctic coasts, particularly in the underdeveloped 
field of oceanography. In the weather modification program, the $2 million 
requested will support studies of the fundamental processes involved in the 
development of clouds and the precipitation mechanisms. 


SUPPORT OF BASIC RESEARCH FACILITIES 


The fiscal year 1961 budget estimate of $29,550,000 for grants and contracts 
for basic research facilities is an increase of $16,750,000 or 131 percent over the 
fiseal year 1960 level. The various programs under this heading are sum- 
marized as follows: 

Development of Graduate Research Laboratories.—$15 million or approximately 
50 percent of the total basic research facilities program for fiscal year 1961 is 
for the purpose of assisting colleges and universities in developing and improv- 
ing their graduate research laboratories. The need for such support is based 
on the fact that: (1) a large proportion of graduate level research laboratories 
in the Nation’s universities and colleges are rapidly becoming obsolescent and 
(2) the financial resources of colleges and universities are strained to the utmost 
in carrying out their institutional responsibilities for instruction, principally 
at the undergraduate level; thus, adequate financial support for modern well- 
equipped graduate level laboratories is not now available to these institutions. 

Under this program, participating institutions generally would be required to 
match Foundation grants on a dollar for dollar basis. The graduate research 
laboratories improved or developed with these funds are for use of faculty mem- 
bers or research associates in the pursuit of scientific research programs or of 
graduate and postdoctoral students for thesis or independent research. 

Biological and medical sciences research facilities—The fiscal year 1961 
budget request for this program totals $3 million. The facilities provided under 
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this program are specialized, either in the kind of research for which they 
are used or because of the significance of their locations, They are usually 
used on a regional basis, and the costs are generally of such magnitude that 
they cannot be financed from the resources of the institutions. 

Mathematical, physical and engineering sciences research facilities ——The 
estimate for this category totals $11,550,000, or approximately 40 percent of the 
overall fiscal year 1961 basic research facilities program. Funds budgeted for 
this category of facilities will be utilized to support a wide range of high-cost 
specialized research activities in the following areas: 

Two million dollars for the acquisition of high-speed computers of advanced 
design at universities for use in basic research. 

Two million seven hundred and fifty thousand dollars is requested for the 
eonstruction of a second modern 175-foot oceanographic vessel to provide a 
long-range, all-season, and all-latitudes base of operations for scientific research 
in oceanography and allied sciences. 

One million five hundred thousand dollars is requested to support the acquisi- 
tion of facilities and equipment needed for modern research in the atmospheric 
sciences. The Foundation proposes to: (1) provide support for the operation 
of a central organization to stimulate, plan and coordinate a program of coop 
erative research among university groups; and (2) support improved research 
facilities which will be used cooperatively by university research groups and 
by the central organization. 

Three million dollars is requested for continued support of the National Radio 
Astronomy Observatory, a federally owned research facility located at Green 
Bank, Va. Fiscal year 1961 requirements are projected on the basis of nearly 
full-scale operations upon completion of the major research instruments au- 
thorized to date, and for the construction of additional technical facilities neces- 
sary to develop more fully the scientific capabilities of the Observatory. 

Two million dollars is requested for continued support of the Kitt Peak 
National Observatory, a federally owned resarch facility located near Tucson, 
Ariz. The fiscal year 1961 request is $1,100,000 more than the fiscal year 1960 
program of $900,000. The principal factors contributing to the increased request 
are— 

(1) introduction of a new program for the design of an advanced optical 
research telescope; 

(2) support for a nearly full-scale research program for presently sched- 
uled research facilities; and, 

(3) provision for additional building and site improvements required to 
improve the research capability of the Observatory. 

Three hundred thousand dollars is requested for the development of detailed 
planning and engineering studies related to the establishment of a geophysical 
institute in Hawaii. These studies will provide the bases for determining the 
scope of scientific research desirable at such an institute, and the facilities neces- 
sary for the conduct of such research. 

Need for Federal support of basic research facilities —The National Science 
Foundation has a major responsibility to assist research institutions in securing 
the facilities necessary for the conduct of basic research. These institutions can- 
not provide the financial resources now necessary to acquire costly research 
facilities, instruments and equipment. 

Colleges and universities are a major source of basic scientific research. Ap- 
proximately 90 percent of National Science Foundation research grants are being 
made to investigators at colleges and universities. The requirements for basic 
research facilities must compete with the financial requirements necessary to 
support the broad educational objectives of colleges and universities. Institu- 
tions of higher learning, in general, are faced with the necessity for a major 
expansion of educational facilities in order to meet the challenge of doubled 
enrollments over the next 10 to 15 years. Thus, these educational institutions 
are not able to provide adequate financial support for scientific research facilities 
when faced with the larger problem of providing financial support for their 
strictly educational requirements. 

Another important source of basic research is in the independent scientific 
institutions not affiliated with a college or university. These institutions also 
have major financial problems. Endowments and other contributions are their 
primary sources of income. These institutions are constantly faced with the 
problem of rising costs and limited income. Obsolescence and deterioration of 
facilities have greatly impaired their effectivenes and no improvement in this 
situation can be expected without additional financial assistance. 
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The problem of adequate research facilities is compounded by the fact that 
new and important areas of scientific inquiry are constantly being developed, 
which require costly facilities and equipment. 


DISSEMINATION OF SCIENTIFIC INFORMATION 


The fiscal year 1961 request for $7,335,000 is about 36 pereent above the fiscal 
year 1960 level of $5,391,531. The increase reflects, overall, both the growth of 
requirements to be met by Foundation support and the Foundation’s effort to 
exercise the role of national leadership in the dissemination of scientific informa- 
tion assigned by congressional and executive directives. 

The need for improving methods for compiling, storing, retrieving, and dis- 
seminating scientific information, is one of the most serious problems impeding 
our scientific effort today. Scientific progress is a step-by-step process which 
depends on the published record of previous scientific work. The great mass of 
unpublished scientific data and of published data that for one reason or another 
is not readily available to the working scientist, is at present a serious handi- 
cap. The Congress recognized the seriousness of this situation in the National 
Defense Education Act of 1958 by directing the Foundation to establish a Science 
Information Service and to “Provide for, or arrange for the provision of index- 
ing, abstracting, translating, and other services leading to a more effective dis- 
semination of scientific information, and undertake programs to develop new or 
improved methods, including mechanized systems, for making scientific informa- 
tion available.” The program proposed for 1961 is designed to accelerate the 
Foundation’s programs to accomplish more adequately the responsibility for the 
Science Information Service functions assigned by the National Defense Edu- 
cation Act. 

SUPPORT OF SCIENTIFIC MANPOWER 


The level of support provided for scientific manpower programs during fiscal 
years 1959 and 1960 would remain approximately the same during fiscal year 
1961, the slight increase being to provide for increased costs. Of the approxi- 
mately $2.9 million increase ($69.6 million in fiscal year 1961 compared to $66.7 
million in fiseal year 1960), $2.4 million is required to cover anticipated in- 
creased costs (travel, tuition, dependency allowance, equipment allowance, in- 
direct costs, and operating costs), $400,000 is attributed to modest program ex- 
pansion, and approximately $100,000 is for increased administrative expenses. 

Over two-thirds of the support of scientific manpower estimate for fiscal year 
1961 covers two major areas of program activity, namely, institutes (50.3 per- 
cent), and fellowships (20.1 percent). Three other programs (special projects 
in science education, course content improvement, and science education and 
personnel studies), plus support for program development, operation and evalua- 
tion account for the remaining 30 percent. The funds requested for increased 
program requirements ($400,000) would be used for a moderate expansion of 
the institutes and special projects in science education programs. 

Significant and substantial progress has been made by the National Science 
Foundation in finding ways to meet the mounting problems of education in the 
sciences. Working in close cooperation with the scientific and educational com- 
munities, and maintaining liaison with the Office of Education, the Foundation 
has developed and established techniques and approaches, some of which have 
already proved their effectiveness and others which show great promise. Others 
are still in the exploratory stages and with minor refinements may take their 
places among future established programs as funds become available. 

The Foundation’s present task is threefold: 

(1) To continue these established programs at effective levels to help meet 
the growing need for improved education and training in the sciences within 
available funds. 

(2) To continue to search for new approaches to problems which are as yet 
unsolved. 

(3) To encourage increased efforts at all levels to improve opportunities for 
and the quality of education in the sciences. 


SURVEYS AND REPORTS 
The amount proposed for fiscal year 1961 will provide the same level of support 


as available in fiscal year 1960 and includes funds for statistical surveys and 
special studies made by the Foundation. 
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National Science Foundation program operation and management costs.— 
The amount proposed for fiscal year 1961 ($6,645,000) under this heading covers 
all the operating and management expenses of the Foundation. This amount 
represents an increase of about $457,000 over the amount ($6,188,115) available 
in fiscal year 1960. In relation to the total budget for the Foundation, the 
amount is 3.5 percent of the total Foundation request for fiscal year 1961. This 
percentage is to be compared with the figure of 3.9 percent for fiscal year 1960. 

It is estimated that an average employment of 526 in fiscal year 1961 will be 
required to enable the Foundation to administer its various programs and activi- 
ties in achieving its planned program objectives. The average employment for 
fiscal year 1961 represents an increase of 36 over fiscal year 1960. As a percent- 
age of total Foundation funds, personal services will decrease from a rate of 2.4 
percent in fiscal year 1960 to 2.2 percent in fiscal year 1961. 


Mr. Tuomas. Dr. Waterman, you may proceed to highlight your 
statement. 

Dr. WaTrerMAN. Thank you. 

The overall program budget request estimate of the Foundation 
for 1961 amounts to $190 million. This is divided among the follow- 
ing major components: The support of science, which imeludes the 
support of basic research by grants; the support of basic research 
facilities; surveys and reports; dissemination of scientific informa- 
tion, and the associated administrative costs. In 1961, this budget 
item comes to $118,620,000, which is an increase of $30,594,118 over 
the estimate for 1960. 


SUPPORT OF SCIENTIFIC MANPOWER 


For the “Support of scientifie manpower,” which includes fellow- 
ships, the institute programs and special projects in science educa- 
tion, course content improvement, science education and personnel 
studies and the associated administrative costs totals $69,675,000 for 
1961, which is an increase of $2,939,568. This represents holding 
the level just about as it is. The additional amount is mainly for 
increased costs associated with the programs for the coming fiscal 
year. 

For “Executive direction and management of the Foundation,” 
there is the sum of $1,705,000. The total for all components is $190 
million. 

BASIC RESEARCH GRANTS 


In the “Support of basic research,” Mr. Chairman, the $78,800,000 
is intended, according to our estimates which have been quite reliable 
in the past, to cover 37.5 percent of the total money requested of the 
Foundation for basic research proposals. 


BASIC RESEARCH FACILITIES 


The sum for “Basic research facilities,” n: unely, $29,550,000, repre- 
sents an increase of $16,750,000. The major increase here is an in- 
crease in the item for the development of graduate research labora- 
tories. The committee will reeall that in our 1960 budget—— 

Mr. Tuomas. You started that program last year with about $2 
million ; did you not? 

Dr. WarrerMAN. Yes, sir. It now goes up to $15 million to cover 
a much more appreciable proportion “of the needs primarily on the 
part of universities and college graduate research laboratories which 
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are badly in need of renovation and improvement. This is the 
larger item, then, in this increase for basic research facilities. 

The rest of this goes to “Capital facilities,’ with which you are 
familiar, such as the Kitt Peak Observatory, the National Radio 
Astronomy Observatory, the computing program, an oceanographic 
research vessel and also a new item of $300,000 to get started on the 
Hawaiian Geophysical Institute. This last item was one which you 
may recall about 2 years ago on which there was a congressional reso- 
lution asking the Foundation to study the need for such an institute 
and to report on it. We appointed a special committee for that pur- 
pose, and in their report they made a strong recommendation that this 
be undertaken, but we have been unable to ; get started on it until now 
partly because it was our opinion at the Foundation that the Uni- 
versity of Hawaii with which this would be associated should 
strtngthen its scientific and mathematics department before the In- 
stitute got underway. This they have done, we feel. 

Mr. Tuomas. Why was this particular place picked for this pur- 
pose ? 

Dr. Waterman. Because the Central Pacific is a very important 
area to the United States and to have an institute in that neighborhood, 
taking full advantage of the marine life in the Pacific and to be asso- 
ciated with the university center there, is really a unique thing to do. 
Dr. Revelle, I am sure, can talk further to this point, but we feel 
this would be very desirable and the geophysicists agree that this 
would be desirable. We have nothing comparable in the Pacific, 
except the Scripps Institute on the west coast, but nothing out in the 
center of the area. 

Mr. Tuomas. When you say “except” you are making quite a large 
exception; are you not? 

Dr. Waterman. I stand corrected. There is nothing comparable 
in the center of the Pacific to this. The west coast is a long way off, 
of course. 

Those represent the major items under the basic research facilities. 


SURVEYS AND REPORTS 


As for the “Surveys and reports,” I believe the committee is familiar 
with these. We have a number of them and they are in very capable 
hands. This item remains just about the same in the budget. 

T would like to call your attention to the fact that these are being 
looked at with a great deal of interest by Government, by industry 
and by universities. Since we now have the method of c ‘ollecting this 
in a systematic fashion, we can establish trends, which is especially 
valuable. 

DISSEMINATION OF SCIENTIFIC INFORMATION 


The item under the “Support of science” activity for dissemination 
of scientific information is $7,335,000, which represents an increase of 
about one-third ; or $1,943,469. 

This is to enable us to discharge our responsibility which we have 
been given both by the Congress under the National Defense Educa- 
tion Act and also by Executive order of the President. In this, the 
Foundation is expected to take the leadership and serve as a central 
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focus for problems relating to exchange and dissemination of scien- 
tific information. The problem is getting larger all the time in deal- 
ing both with other governmental agencies and private establishments 
that work in this field. In this we expect the other Federal agencies 
to play their appropriate part and for that purpose Dr. Adkinson, in 
charge of this program, chairs an interagency group of people re- 
sponsible in each agency for this field. In this way the Federal 
agencies can keep in touch and have their work fully coordinated. 

Then, in accordance with the National Defense Education Act title, 
there is a Scientific Information Council, which is a statutory body 
set up by the Foundation. It gives advice with respect to this broad 
area. 

PROGRAM DEVELOPMENT, OPERATION, AND EVALUATION 


The final item in the support of science is $2,565,000 which covers 
the cost of program development, operation, and evaluation, making a 
total item of $118,620,000, as I said. 


SUPPORT OF SCIENTIFIC MANPOWER 


The budget item support of scientific manpower remains, as I said 
before, practically at the same level as in previous years but allows 
for extra costs which now appear in some of the items. 

For example, for our fellowship programs we have the sum of $14 
million, which represents an increase of $900,000 only. For our insti- 
tute program we have the sum of $35 million, which represents an 
increase of $1,750,000. For special projects, in science education, 
there is the sum of $11.3 million which represents an increase of 
$128,600. Then, there is course content improvement, $6 million, the 
same as it was last year. For science education and personnel studies, 
$1 million, practically the same amount as last year. The increase 
is $44,083. For the cost of administering these programs; that is, for 
program development, operation and evaluation, $2,375,000, which 
represents an increase of $116,885. 

The total cost for the support of scientific manpower in this estimate 
is $69,675,000, an increase of $2,939,568. 


EXECUTIVE DIRECTION AND MANAGEMENT 


Then for executive direction and management of the Foundation— 
these are additional administrative costs over and above the program 
development, operation and evaluation under the items I have men- 
tioned earlier—the amount is $1,705,000, an increase of $175,000. 

The allocations to other Government agencies, as I said, are none 
for the coming year. 

Mr. Toomas. Doctor, that is a good, quick summary. 


ScmMaAryY oF Bouncer Estimates 


We shall insert into the record at this point pages 2, 4, 5, 6, together 
with the other objects which appear on page 7, a portion of page 8 and 
page 9 of the justifications. 

(The pages referred to follow :) 
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Statement relating fiscal year 1959, fiscal year 1960, and fiscal year 1961 programs 
[In thousands] 

Fiscal year 1959 program (obligations incurred) __- Lo $132, 940 
Increase of grants and contracts in support of science__- , +22, 888 
Increase of grants and contracts in support of sicentific manpower. +2, 407 
Other increases (program development, operation and evaluation, 








and executive direction and management) Lae te . +-927 
Fiscal year 1960 program (obligations incurred) -—___-_ pubes Jt. 2.) 
Increase of grants and contracts in support of science_________-—_ +24, 558 
Increase of grants and contracts in support of scientific manpower +2, 823 
Other increases (program development, operation and evaluation, 
and executive direction and management) z E +457 
Fiscal year 1961 program (obligations incurred ) : 190, 000 
Analysis by activities 
{In thousands] 
1959 Decrease Increase 1960 Decrease , Increase 1961 
Support of science $67, 308 $23, 589 $00, 897 $27, 723 $118, 624 
Support of scientific manpower 64, 356 2 379 66. 735 2» O4 69. 675 
Executive direction and man- 
agement 1, 276 254 1, 53 1, 705 
Total obligations 132, 940 0 26, 222 150, 162 0 30, 838 190, 000 
Summary of budget estimate fiscal year 1961 
Increase 
Actual, Estimate, Estimate, of 
fiscal year fiscal year fiscal year decrease : 
1959 1980 1961 fiscal year 
1961 over 
1060 
Support of science: 
Basie research. --| $45,950,159 | $67,067,116 | $78,800,000 | +$11, 732, 884 
Basic research facilities. 15, 524, 725 12, 800, 000 29, 550, 000 +16, 750, 000 
Surveys and reports-- i 367, 235 370, 000 +2, 765 
Dissemination of scientific information 3, 847, 527 5, 391, 531 7, 335, 000 +-1, 943, 469 
Program development, operation and 
evaluation ; 1, 700, 120 2, 400, 000 2, 565, 000 | +165, 000 
Subtotal __-..__- dss Jade 67, 252, 785 88, 025, 882 118, 620, 000 +30, 504, 118 
Support of scientific manpower 
Fellowships if 13, 070, 838 13, 100, 000 14, 000, 000 +900, 000 
Institutes : 33, 247, 999 33, 250, 000 35. 000. 000 +1, 750, 000 
Special projects in science education_. 8, 040, BOS | 11, 171, 400 11, 300, 000 +128, 600 
Course content improvement 6, 030, 325 6, 000, 000 6, 000, 000 0 
Science education and personne] standards 780, 285 955, 917 1, 000, 000 +44. OR3 
Program development, operation and | | 
evaluation - Santee cinieaione 2, 285, 432 2, 258, 115 2, 375, 000 | +-116, 885 
Subtotal. - i we ‘ 64, 355, 784 | 66, 785, 482 69, 675, 000 | +2, 939, 568 
Executive direction and management..-.....-- 1, 275, 849 1, 530, 000 |} 1, 705, 000 +175, 000 
Subtotal, NSF _-- : 132, 884, 418 156, 291, 314 190,000,000 | +33, 708, 686 
' ' 
Allocations to other Government agencies. 55, 725 2 870. 687 n ®) 870, A87 
Total__._. Rieti Testi 132, 940,143 | 159,162,001 | 190,000,000 | +30, 837, 999 


The fiscal year 1961 budget estimate totals $190 million or $30,837,999 more 
than was available in fiscal year 1960. The summary explanation of this budget 
estimate is as follows: 


ea aaa ar aa 
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A. Basic research grants and contracts 


It is estimated that total basic research proposal receipts will total $190 
million for fiscal year 1961; an increase of $33 million over the receipts for fiscal 
year 1960. The $78,800,000 estimated for the support of basic research grants 
and contracts will provide support for 37.5 percent of the estimated fiscal year 
1961 proposal receipts. 

In projecting the estimated research proposal receipts, provision has been made 
for an increase in indirect cost allowances. Because of rising costs of admin- 
istration and the adverse effect of such increases upon the ability of institu- 
tions to carry on research work, the Foundation, effective January 1, 1960, au- 
thorized institutions to request up to 20 percent of total direct costs as the 
allowance for indirect costs in research proposals. 

Also included under this heading are the following items: 

(1) $2 million for continued support of the weather modification program ; 
and 

(2) $5.5 million for the Antarctic program. 

B. Basic research facilities 

An amount of $29,550,000, or 15.6 percent of the $190 million total, is estimated 
for basic research facilities, including $15 million for the development of grad- 
uate research laboratories. The remaining $14,550,000 provides $12,750,000 for 
established research facilities programs including university computing facili- 
ties, an oceanographic vessel, specialized biological and medical science facilities, 
and support for the national observatories at Green Bank, W.Va., and Tucson, 
Ariz. The $1.8 million will provide for new facilities: 

(1) $0.3 million for the Hawaiian Geophysical Institute; and 

(2) $1.5 million for atmospheric sciences facilities. 


C. Other programs 


An amount of $7,705,000 is estimated for the other two programs in the sup- 
port of science activity : $370,000 for surveys and reports ; and, $7,335,000 for dis- 
semination of scientific information. There is an increase of about $2 million 
over the fiscal year 1960 level for the dissemination of scientific information 
activities to carry forward the program for improving the availability of foreign 
science information and unpublished research reports and for the support of 
American scientific publications. This program expansion is necessary to imple 
ment additional responsibilities assigned to the National Science Foundation by 
the National Defense Education Act of 1958. In addition, Executive Order 10807 
directed the Foundation to provide leadership in the effective coordination of 
the scientific information activities of the Federal Government with a view to 
improving the availability and dissemination of scientific information. 


D. Support of scientific manpower 


An amount of $67.3 million is estimated for programs in support of scientific 
manpower. This amount represents an increase of about $2.8 million above the 
fiscal year 1960 level and will provide for— 

(1) Increased costs such as travel, tuition, dependency allowances, and 
indirect costs for institutions which total about $2.4 million; and 

(2) The remainder of the $2.8 million increase, $400,000, is for nominal 
program expansions in Institutes and in special projects in science education. 


E. Program development, operation, evaluation, and executive direction and 
management 


An amount of $6,645,000 is estmiated for all operating expenses of the Founda- 
tion in fiscal year 1961 including all costs of administering the programs of the 
Foundation such as salary costs of all personnel and all other miscellaneous ex- 
penses. This amount represents an overall increase in operating costs of 
$456,885 over the fiscal year 1960 level. This amount will provide for an increase 
of 35.1 in average employment over fiscal year 1960 and is considered necessary 
for effective management of the expanding programs and increasing focal agency 
responsibilities of the Foundation. The amount requested for administering the 
Foundation programs represents 3.5 percent of the total Foundation estimate of 
$190 million for fiscal year 1961. 

The following table provides a distribution by object classification of the total 
operating expenses of the Foundation : 
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Summary of obligations by object 





National Science Foundation: 
Average employment. -___..._- bi 
Average salary............... 


01 Personal services____. 
Staff. _- iclosh-ob we ovine Sahel badbl 
Consultant, Divisional Commit- 

tee Panels and National Science 
Board _.- eeleiniaaigcae einen 

02 Travel....- ede 

03 Transportation of things : 

04 Communication services _-. ‘ 

05 Rents and utility services . 

06 Printing and reproduction _-_-_...__- 

07 Other contractual services 


Administrative contracts.........-- 


Security investigations. __.__- on 
Employee life insurance-___. Wiss 
Employee health benefits 
Program contracts 


08 Supplies and materials_--_-_-__- a os 


09 Equipment . ar bases 

11 Grants, subsidies, and contributions 
Program grants 
Retirement fund. 
Other 

15 Taxes and assessments - 


Total, National Science Foundation 
ALLOCATIONS 


Department of the Army- 
Bureau of Public Roads__.- 


Total, allocations. ___. 





Actual, | 
fiscal year | 
1959 


367.8 | 
$7, 370 


, 836, 222 | 
2, 710, 739) | 


j 
| 


ror 


(125, 483) 
253, 286 

14, 118 

109, 070 

4, 989 

83, 302 

11, 480, 876 | 
(1, 466, 039) 
(78, 780) 

(7, 758) 

0 | 

(9, 928, 299) 

51, 913 | 

143, 249 | 
117, 898, 847 
(117, 677, 455 

(145, 311)! 
(76, O81 
8, 546 


132, 884, 418 





Estimate, 
fiscal year 
1960 


490.9 | 
$7, 551 | 


$3, 888, 000 | 
(3, 707, 000) | 


(181, 000) 

400, 000 | 
31, 200 

118, 000 | 

10, 300 | 

91, 800 | 

5, 269, 752 | 
(1, 217, 700) 
(48, 600) 
(10, 300 


(3, 993, 152 
53, 000 

100, 
146, 320, 
146, 110, 
(200, ¢ 
(9,115 

¥, 200 


156, 291, < 


| 
22, 099 | 
2, 848, 588 | 


; ' 
2, 870, 687 | 


159, 162,001 | 
| 





Increase (+) 


Estimate, | or 
fiscal year | decrease (—), 
1961 fiscal year 
| 1961 over 
| 1960 
526.0 | +35. 1 
$7, 553 +$2 


$4, 205, 000 +$317, 000 





(3, 973, 000) | (+266, 000) 
(232, 000) (+51, 000) 
450, 000 | +50, 000 

28, 000 | -3, 200 
135, 000 | +17, 000 
10, 000 —300 
101, 000 +-9, 200 

9, 026, 000 +3, 756, 248 

(1, 266, 000) | (+48, 300) 
(28, 000) (—20, 600) 
(11, 000) (+-700) 
(28, 000) | (+28, 000) 

7, 693, 000); (+3, 699, 848) 

65, 000 +12, 000 
95, 000 5, 000 
175, 875, 000 | +2 4, 938 

75, 662, 000) | (+2 , 953) 

(213, 000) (+-12, 100) 

0 (—¥, 115) 

10, 000 + S00 

190, 000, 000 +-33, 708, 686 
0 — 22, 099 

O| —2, 848, 588 

0 | —2,870, 687 


190, 000, 000 | +30, 837, 999 
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PROGRAM DEVELOPMENT, OPERATION, EVALUATION AND EXECUTIVE DIRECTION 
AND MANAGEMENT 


Summary of obligations by object 


Increase (+) 











Actual, | Estimate, Estimate, or 
fiscal year fiscal year fiscal year | decrease (—), 
1959 1960 1961 fiscal year 
} 1961 over 
1960 
-caniiiegtenaieemstiaaincirtaniaiaiannceinaptannannnit . saiienempiiaiiiaiaedeaanibicadlpiainiaatiaenipesiimemmateel 
} 
Average employment a te oe 367.8 490.9 526.0 +35. 1 
ee |, ORE LPT A LEE RET ANE $7, 370 $7, 551 $7, 552 +$2 
01 Personal services _. i a indeed $2, 836, 222 $3, 888, 000 $4, 205, 000 +-$317, 000 
ee sccvinnncnpeian een (2, 710, 739) (3, 707,000)! (3,973,000) (+266, 000) 
Consultant, Divisional Committee | 
Panels, National Science Board. ____- (125, 483) | (181, 000) | (232, 000) (+51, 000) 
Rai atis cot anth Ca daecoee hie sedcdliedies | 253, 286 400, 000 | 450, 000 +50, 000 
Oe os { ee Bek Aa | (133, 608) | (230, 000) | (271, 500) (+41, 500) 
Consultant, Divisional Committee, | 
Panels, National Science Board____-- (119, 678) (170, 000) | (178, 500) (+8, 500) 
03 Transportation of things..........-..-- a 14, 118 | 31, 200 | 28, 000 —3, 200 
04 Communication services. nah endeh 109, 070 | 118, 000 135, 000 +17,000 
05 Rents and utility services__...-_- Settee 4, 989 10, 300 | 10, 000 —300 
06 Printing and reproduction : aun: sil 83, 302 | 91, 800 | 101, 000 +9, 200 
07 Other contractual services ‘ 7 1, 535, 314 | 1, 276, 600 1, 333, 000 +56, 400 
Administrative contracts__- .----| (1,448, 776) (1, 217,700)} (1, 266,000) (+-48, 300) 
Security investigations . : aa (78, 780) | (48, 600) | (28, 000) (—20, 600) 
Employee life insurance be (7, 758) | (10, 300) | (11, 000) (+700) 
Employee health benefits sal ta diet 0 | 0 (28, 000) | (+28, 000) 
08 Supplies and materials. _- 7 51,913 53,000 | 65, 000 +12, 000 
09 Equipment : ° : 143, 249 100, 000 | 95, 000 —5, 000 
11 Grants, subsidies, and contributions 221, 392 210,015 | 213, 000 +2, 985 
Contributions to retirement fund___. (145, 311) (200, 900) | (213, 000) | (+12, 100) 
Other - (76, 081) (9, 115)} 0 (—9, 115) 
15 Taxes and assessments_____ Tes ae ill 8, 546 | 9, 200 10, 000 +800 
aia alin 5, 261,401 | 6, 188, 115 6, 645, 000 +456, 885 








Mr. Tomas. This chart shows a breakdown of your budget for 
1959, 1960, and 1961 ; does it not ? 

Dr. WATERMAN. Yes, sir; that is on page 12. 

Mr. Tuomas. How long have you been in existence now ? 

Dr. WarerMAN. Well, our act was passed in 1950 and our operations 
began in late 1951, Mr. Chairman. 

Mr. Tuomas. Thisis your ninth year of operation ? 

Dr. WaTerMAN. Yes, sir; and the 10th year since the establishment 
of the National Science Foundation. 


INCREASES OVER 1960 


Mr. Tuomas. You had $132,940,143 for 1959 and it goes up to $159,- 
162,001 for 1960 and then goes up to $190 million for 1961, an increase 
of $30,837,999 over 1960. 

Your “Other objects” here such as “Travel” show an increase of 
$50,000. In other words, you go from $400,000 as of last year to 
$450,000 in 1961. 

Your “Communications services” go from $118,000 to $135,000. 

Why the sizable increase in communications services ? 

Dr. WarerMan. Mr. Luton can answer that. 

Mr. Luton. That is primarily because of increases in staff, Mr. 
Chairman, which requires us to have additional monthly service 
charges and it also is to some extent due to increases in long-distance 
charges. 











14 


Mr. Tuomas. Does it have any connection with your dissemination 
centers and so forth ? 
Mr. Luton. No, sir. 
TOTAL EMPLOYMENT 


Mr. Toomas. What is your total employment for this year as against 
last year? 

Mr. Luton. Our total employment this year—average employment 
for 1960—was 490. 

Mr. THomas. It goes up to 526 as against 367 for 1959. 

Are these man-years ? 

Mr. Luton. The 490 and 526 are man-years. 

Mr. THomas. How many bodies does that mean? It is almost 600; 
is it not ? 

Mr. Luron. In terms of positions, we had 526 positions in 1960 and 
we will have 564 in 1961. 

Mr. Tuomas. It is more than that; is it not ? 

Mr. Lutron. It represents an increase of 38. 

Mr. Tuomas. It is more than that if it is on a man-year basis. You 
will have 585. 

Mr. Lutron. This does not include consultants. This is full time 
staff, 

EMPLOYMENT STRUCTURE 


Mr. Tuomas. I was looking over the green sheets, and wondered 
how many supergrades you have. 

Mr. Luton. We have 55 in our excepted position pay plan. 

Mr. Tromas. You have 55 excepted positions 4 

Mr. Luron. Yes, sir. 

Mr. THomas. How many GS-18’s, GS-17’s, and GS-16’s do you 
have? 

Dr. Waterman. We do not have those really. 

Mr. THomas. Oh, ves; you do. 

Dr. WarerMAN. We do not come under the supergrade plan. Ours 
are excepted positions, approved by the Board. 

Mr. Tuomas. How was your personnel structure set up? It was 
set up by act; was it ? 

Dr. WarerMAN. It was set up in the National Science Foundation 
Act. 

Mr. Tuomas. That was passed only last year or the year before. 
How was it originally set up / 

Mr. Lutron. We had the excepted position authority in the initial 
act. 

Mr. Tomas. How does that section read? Do you recall ? 

Mr. Luton. Yes, sir. It says that the Director may employ tech- 
nical and professional people and fix their compensation on the basis 
of such policies as may be established by the National Science Board. 

Mr. Tuomas. And, that was in your original basic act? 

Mr. Luton. Yes, sir. 

Mr. THomas. Was there any limitation put on it? 

Mr. Lutron. No, sir. 

Mr. Tuomas. None whatsoever? 

Mr. Lutron. No, sir. 
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Dr. WarerMAN. Would you like the exact statement contained in 
the act, Mr. Chairman ¢ 

Mr. Tuomas. Yes, please. 

Dr. WATERMAN. We shall be glad to insert it into the record at this 
point. 

(The matter referred to follows :) 

Sec. 15. (a) The Director shall, in accordance with such policies as the 
Board shall from time to time prescribe, appoint and fix the compensation of 
such personnel as may be necessary to carry out the provisions of this Act. 
Such appointments shall be made and such compensation shall be fixed in ac- 
eordance with the provisions of the civil-service laws and regulations and the 
Classification Act of 1949: Provided, That the Director may, in accordance with 
such policies as the Board shall from time to time prescribe, employ such tech- 
nical and professional personnel and fix their compensation, without regard to 
such laws, as he may deem necessary for the discharge of the responsibilities of 
the Foundation under this Act. The Deputy Director hereinafter provided for, 
and the members of the divisional committees and special commissions, shall be 
appointed without regard to the civil-service laws or regulations. Neither the 
Director nor the Deputy Director shall engage in any other business, vocation, 
or employment than that of serving as such Director or Deputy Director, as the 
case may be; nor shall the Director or Deputy Director, except with the ap- 
proval of the Board, hold any office in, or act in any capacity for, any organiza- 
tion, agency, or institution with which the Foundation makes any contract or 
other arrangement under this Act. 


Mr. Tuomas. How do you construe “technical and professional 
personnel” ? 

Dr. WaterMAN. Those who have either scientific, technical, or ad- 
ministrative professional capabilities at the top positions in the Foun- 
dation. These would be positions above the civil service GS-15. 

Mr. Tuomas. And how many unclassified positions did you say 
you had? 

Mr. Lutron. We have 55. 

Mr. THomas. And how many do you have which correspond to a 
GS-18, and how many correspond to a GS-17 ? ¢ 

Mr. Luvon. I can give you a breakdown on that, Mr. Chairman. 
We have 32 in a salary range from $13,000 to $15,000; we have 11 at 
salary range of $15,000 to $17,000, and 8 at a salary range of $17,000 
to $19,000. 

Mr. Tuomas. Those are all what we call excepted positions, are 
they not ? 

Mr. Luton. Yes, sir. 

These would be comparable to supergrades under civil service. 

Dr. WaterMAN. In our plan which was approved by the board, 
Mr. Chairman, we have four grades above the GS-15 and call them 
A, B, C, and D, and these ranges which Mr. Luton identified carry the 
positions, numbers, and salaries. 

Mr. Tomas. But, they do not correspond with the regular civil 
service grades of 15, 16, 17,and 18? 

Dr. WarerMAN, No, sir; there is only an approximate correlation 
there. 

Mr. Tuomas. Look at it carefully, and do not make too many mis- 
takes now because we have all the agencies looking at you. 

The National Aeronautics and “Space Administration has some 
excepted positions, but I do not know of any agency in government 
which has the latitude that you have. However, in the NAS A. pro- 
gram there is a limitation put upon the excepted positions, and 4 
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limitation is put upon grades 18, 17, 16, and so forth. So use your 
authority wisely, and do not bring the roof down on your head. 
Gentlemen, this table on page 4 of the justifications tells the tale. 


SUPPORT OF SCIENCE 


Look at your big subheads here in “Support of science.” 

You had $67,252,000 in 1959 and $88,025,000 in round numbers, in 
1960, and you increased it $30,594,000 for this year, which makes a 
total of $118,620,000. 

It is one thing to grow, but it is something else to take it sort 
of easy. 

You started off here with a little supplemental of about $225,000. 
Then it went to $3,500,000. In 1953 you had $4,750,000; in 1954, $8 
million; in 1955, $12,250,000 ; in 1956, $16 million; in 1957, $40 million. 

Off the record. 

(Discussion off the record. ) 

In 1958 you had $40 million, together with a couple of supplementals 
to the tune of about $9.75 million. 

In 1959 you had $130 million; in 1960, $152,700,000 ; and now we are 
up to $190 million. Well, to say the least, we are not timid anyway, 
are we? 

Dr. WATERMAN. In the basic research part of that, Mr. Chairman, 
we have about the same percentage of estimated requests 

Mr. Tuomas. You take about 60 percent or 65 percent for basic 
research, do you not? 

Dr. Warerman. We can only support 37.5 percent of this estimated 
request for basic research. 

Mr. Tuomas. If you are going to put it on that basis, we would 
have to get some more printing presses and take over all of the uni- 
versities and high schools and subsidize them. 

I notice at several places in the justifications you kept on bemoan- 
ing the fact, which was most regrettable, that the universities did not 
have any money. Where did you get the idea that the Federal Gov- 
ernment had more than the universities ? 

The Federal Governmnt is deeper in debt than the universities. 
It looks like to me we ought to go to the universities and say, “How 
about a little help here?” 

Dr. Warerman. The university heads will be glad to speak to 
that. 

Mr. Tuomas. Dr. Gross, do you agree to that? 

Dr. Gross. No, sir; I think it is the reverse. 

Mr. Tuomas. Someone suggested I ask you that question because 
Duke University had plenty of money and here is the Federal Gov- 
ernment only $286 billion in the red. 

Dr. Gross. Yes, sir. Mr. Thomas, anyone who says Duke Uni- 
versity or MIT or anyone else has plenty of money, I think Dr. 
Stratton and I would readily disagree. 

Mr. Botanp. Those were large sums years ago. 

Dr. Gross. This was the point I wanted to emphasize: that this 
growth pattern of our Science Foundation projects is a modest 
parallel, I would say, to the growth of costs in education and the ex- 
penditures in industrial research and industry and the like. If you 
are going to take those figures, you will see there is really a very 
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effective increase in the budget, but it is also to be looked at in the 
light of total costs and growth of scientific research in industry, and 
so forth. This is a phenomenal thing. 

Mr. Tuomas. I do not suppose we can argue with you too much 
about that. 


BASIC RESEARCH FACILITIES 


Under “Basic research facilities,” there is really a job. You have 
the sum of $29,550,000 for 1961. 

Dr. Waterman. As I say, Mr. Chairman, I want to call your at- 
tention to the fact that $15 million of this is in development of gradu- 
ate research laboratories. 

Mr. Tuomas. I read that last night. In the second year of your 
program you go from $2 million to $15 million in 1 year. 

Dr. WaTERMAN. The need is, of course, very much greater than that, 
but we feel we ought to tackle it in an orderly fashion and do this by 
degrees and, therefore, we feel $15 million one year, followed by 





SURVEYS AND REPORTS 


Mr. Tuomas. Under “Surveys and reports,” you have $370,000. If 
we know all of that need exists, why spend $370,000 ? 

Dr. Waterman. The important thing there to know is what the 
trends are, and to find out what is done by the Government, what is 
done by industry and what is done by universities. 

Mr. THomas. How is that going to help basic research ? 

Dr. WarerRMAN. Oh, very much. If we find that industry is slack- 
ening off, for example, in basic research, this can be called to their 
attention and similarly, with the Government. This is a way one can 
get the picture as a whole. 

Mr. THomas. Can you not spend that money in a much more effec- 
tive way and produce more results than trying to tell industry they 
are falling down on the job? 

When you tell them, they are liable to give you the Indian sign. 

Dr. WaTerMAN. These are attracting very favorable attention. We 
find people are depending on them, and are coming to us for informa- 
tion. I am sure that they are using it in their own planning. I do 
not see how an effort like research and development in a country as 
big as ours can be dealt with otherwise. 

Mr. Tuomas. We had a little item along that line yesterday. There 
was a little difference of opinion among the people. Some of them 
thought industry ought to carry its own ae and pointed out that 
industry did not want any part of it, and there was no need for it. 
With that thought in mind, it was suggested that the Government 
go to work on it. 

_Dr. Waterman. The interesting point in the history of this, Mr. 
Chairman, is when we made our first survey of industry, at first 
there were objections and a number did not want to go to the trouble. 
They did not have their books arranged so they could account for the 
research and development money. But when we went to them and 
spoke to them about it, we ended up by getting about a 98-percent 
return on our questions, which is quite a remarkable achievement on 
any survey. Now, generally speaking, the industries are very glad 
to furnish these figures on a systematic basis. They have seen the 
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importance to them of getting these facts and having the overall 
picture. 
DISSEMINATION OF SCIENTIFIC INFORMATION 


Mr. Tuomas. Are we going overboard now on dissemination? We 
have gone through this time and time again. So there is nothing 
new to any of us in here. You increase it almost $2 million over 
1960, up to $7.33 million. 

Dr. Waterman. This is a subject that has come to a head largely 
because, as contrasted before the war, there is so much research in- 
formation which does not get into the regular channels and we 
“annot expect our scientists and engineers to do their best research 
unless they know what is going on. 

Mr. Tuomas. If you have a scientist, and he is hot on something, 
I imagine if there is any information available, he is going to find 
it out. 

Dr. Waterman. Not if it is not published, and not if it is pub- 
lished in Russian, and things like that. These are things we must 
now learn to handle. 

Also, in the way a scientist views a research job, he looks at periodi- 
cals and then he looks at abstracts and summaries of information. 
These latter have often been rather weak except in fields like chem 
istry. So this needs bolstering up. The scientist cannot do original 
work well unless he knows what is going on. Dr. Adkinson can 
give you in more detail the situation with regard to this if you eare 
to have it. He is head of this office. 

Dr. Sears. One item there I would like to comment on is $2,280,000 
for scientific publications. A great majority of those journals so far 
as I know are supported by private subscription by working scientists 
and they operate on a shoestring. So I would regard this item as par- 
ticularly important. 

Mr. Tuomas. We will take it out of here if it is supported by the 
individual scientists. Dr. Waterman does not need it. 

Mr. Yates. Which one is that ? 

Dr. WATERMAN. It is on page 139. The total for dissemination of 


or 


scientific information 1s $7,335,000. 
SUPPORT OF SCIENCE 


Mr. Tromas. Let us go into details ina minute. 

We shall insert at this point in the record page 13 of the justi- 
fications. 

(The page referred to follows :) 


SuPPoRT OF SCIENCE, $118,620,000 
SUMMARY 
The comparative budget estimates by fiscal years for major activities and 


object of expense in the support of science activity are shown on the following 
tables: 




















Obligations 
mses _ | 
| 
Increase (+-) 
Actual, Estimate, Estimate, or 
fiscal year fiscal year fiscal year | decrease (—), 
1959 1960 1961 fiscal year 
| 1961 over 
| 1960 
Basic research grants and contracts__. $45, 950, 159 $67, 067,116 | $78, 800,000 | +$11, 732, 884 
Basic research facilities grants and contracts_. 15, 524, 725 12, 800,000 | 29, 550, 000 +16, 750, 000 
Surveys and reports_- | 230, 254 | 367, 235 370, 000 +2, 765 
Dissemination of scientific information 3, 847, 527 5, 391, 531 7, 335, 000 +1, 943, 469 
Program development, operation and evalua- 
tion 1, 700, 120 2, 400, 000 2, 565, 000 +165, 000 
—— | | - - 
Subtotal, support of science. - | 67, 252, 785 | 88,025,882 | 118, 620,000 | +30, 594, 118 
| = — 
Allocations: | 
Department of the Army . | 14, 313 22, 099 0 —22, 099 
Department of Commerce j 41, 412 | 2, 848, 588 | 0 —2, 848, 588 
Subtotal, allocations = 55, 725 | 2, 870, 687 | 0 —2, 870, 687 
Total | 67,308,510 | 90, 896, 560 | 118, 620,000 | +27, 723, 431 
ry” ° . . , 
Mr. Tuomas, This table here is an awfully good breakdown. You 


are not spending any money with the Army or the Department of 
Commerce any more. 

What about the National Academy of Sciences? 
sent them a customer yesterday. 

Dr. Waterman. We provide funds to them for various committees 
of theirs. 

Mr. Tuomas. How much will you give them this year all told? 

Mr. Luron. We do not have that available at the moment. We can 
furnish it for the record. 

Mr. Tuomas. What is it, approximately ¢ 

Dr. Waterman. We share with NASA the support of the Space 
Science Board. We supported the Committee on Atmospheric 
Science and Dosasietnenke | the committee having to do with the 
IGY, and the following committee that deals with the aftermath of 
the IGY. We also call on the Academy for rating our applications 
for graduate fellowships, and so forth. There are a variety of dif- 
ferent kinds of items. 

Mr. Tuomas. I am aware of that, but I am asking you for an ap- 
proximate figure as to the total. 

Dr. Waterman. I would not guess offhand. 

Mr. Tuomas. Does anyone have an idea or a good horseback 
opinion ¢ 

Mr. Scnoen. For the National Academy of Sciences’ National Re- 
search Council, we have under the support of science three grants last 
year of $55,840 total and under the support of scientific manpower- 
type activity we had 11 grants for $159,425. The total is 14 grants 
for $215,265. 

Mr. Tuomas. How much is there for this year? 

_Mr. Scnoen. Well, these would be in accordance with developments, 
sir. 

Dr. WarerMANn. Wecan only estimate that. 

Mr. Tuomas. You mean your contribution goes up with the size of 
the budget? Is that right? So, it would be at least $250,000 this 
year. 

Dr. WarrerMan. In some of these we do not invariably call on the 
Academy Council unless they have particular competence in the area. 
We sometimes go outside. 


By the way, we 








Mr. Tuomas. At this point in the record we shall 


SUMMARY 


and 15 of the justifications. 


(The pages referred to follow :) 


SUPPORT OF 


01 Personal services: 
Staff - 
Consultants and committees 
Subtotal 
02 Travel: 
Staff ; 
Consultants and committees 
Subtotal 
03 Transportation of things } 
05 Rents and.utilities 
06 Printing 
07 Contractual services 
Administrative contracts 
Security investments | 
Employee life insnrance | 
Employee health benefits , 
Basic research, mathematics, physics, 
and engineering 
Facilities, mathematics, physics, and 
engineering: National Radio As- 
tronomy Observatory 
Kitt Peak National Observatory 
Atmospheric science facilities 
Surveys and reports 
Dissemination of scientific information _| 
Subtotal 
08 Supplies and materials aon 


11 Grants and subsidies: 


Mathematics, physics, and engineering 


Antarctic 


Social sciences_.._. sca | 


Fac 


ilities: 
Development of graduate labora- 
Biology and medical-_--_........_.- 
University computing facilities.____ | 
Major engineering-physics research 
eeiteds... 623.028 
Oceanographic research vessel_____- 
Atmospheric sciences facilities. | 


Hawaiian Geophysical Institute__--| 


Dissemination of scientific information 


Subtotal 


15 Taxes and assessments. | 


Allocations: 


Subtotal, support of science 


Department of the Army... 
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Mr. Tuomas. This breaks it down very well. 

Your other objects appear on page 14, and your grants are listed for 
biology and medical mathematics, physics, and engineering. 

What about the Antarctic? I thought we had just about wrapped 
that up last year. 


ANTARCTIC RESEARCH PROGRAM 


Dr. Waterman. We have an item of $4 million for the Antarctic 
program; $1.5 million is for the outfitting of a research vessel for 
oceanographic studies. 

Mr. Tuomas. That makes $5.5 million in all? 

Dr, WaTeRMAN. Yes, sir. 

Mr. Tuomas. How long are you going to stay there? What is the 
program ¢ 

Dr. Waterman. The level is the same this year as last. 

Mr. Tromas. This is not a long-range program; is it ? 

Dr. Waterman. It is an established U.S. program. Its budget will 
depend really on the need, if it occurs, for making special expeditions 
to special parts of the Antarctic, or to establish special stations if the 
scientific need exists. 

Mr. Tuomas. How is my friend, Dr. Gould? How is his health? 

Dr. WarterMAN. It is fairly good. He is a very busy man these 
days. 

Mr. Troomas. Tell him we do not like to be neglected like this. 
We like him. 

Dr. WarerMAN, He is chairman of the committee on polar research 
that. advises us on the scientific program. 

Mr. Tuomas. Anyway, his health is all right. He was a little bit 
under the weather a year ago. 

Dr. WarerMAN. He is back on his feet; yes. 

Mr. Tuomas. He is doing a grand job, of course. 

Dr. Waterman. Oh, yes; there is no question about it. 


UNIVERSITY RESEARCH COMPUTERS 


Mr. Tuomas. How long is the program for university computers 
going to last? 

Dr. Waterman. I believe Dr. Bolt can answer that better than I. 

Dr. Bour. We think this is with us for a long time. 

Mr. Tuomas. Oh, Doctor. You give us such unexpected answers. 

Dr. Bour. We have recent evidence that supports this view. We 
recently had a meeting on computers with representatives of the 
NIH; both they and we have been receiving a very rapidly increasing 
number of requests. We had some leading computer specialists from 
around the country meet with us to look this problem over and see 
where it is headed in the future. 

There are two ways in which computers are coming in: First, they 
are greatly increasing the speed at which we can calculate, and, see- 
ond, computers are becoming part of research as such. You can hook 
a computer in with the brain of a cat. 

Mr. Yates. Why would you want to do that ? 

Dr. Botr. There are many different processes taking place along 
the path from, let us say, the ear of the cat to his cortex. If we can 
tap-In a computer and “adjust” it to do the same job as the replaced 
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part of the path, we have learned something about the process at 
that place on the path. We think that the computer is going to find, 
and is now finding, its way into research in all fields, in the physical 
sciences and biological sciences, and in social and_ psychological 
sciences. 

Dr. WarerRMAN. I believe you understand, Mr. Chairman, this item 
under the heading of “Facilities”—the computing item—is for pro- 
vision to universities for centers for computing purposes which can 
be used by most of the departments of the universities. 

Mr. Tuomas. How many do we have set up now? I know you had 
one at Duke University. 

Dr. Borr. There are less than 10 major centers. 

Mr. Tuomas. Where are those which we have set up? I know North 
Carolina hasone. Does MIT have one? 

Dr. Bour. Yes, sir. 

Mr. Tuomas. How about the University of Southern California? 
Read into the record where they are located at this time. 

Dr. Bort. In this discussion by the specialists, they defined several 
types of computers and computer centers, and the most important type 
they visualize is a very major facility, costing a few millions of 
dollars, which cuts across the entire institution and university, and is 
available for new ideas in basic research in all of the departments. 
According to this definition, there are practically none today, or you 
might say a couple. 

Mr. Tuomas. Off the record. 

( Discussion off the record.) 

Mr. Tromas. Tell us where these 10 are located, Doctor. 

Dr. Bour. The ones we have supported are at Cornell, Towa State, 
University of Oklahoma, Yale, NCU, Brown, California Tech, Car- 
negie Tech, Stanford, University of Washington. 

Mr. Tromas. I see Dr. Revelle is practicing a little economy here 
this year. 

Dr. Bort. If I could comment further, Mr. Chairman, on these that 
I named; we supplied less than half of the funds that went into these 
centers. 

Mr. Tuomas. Not much less than half. It was a sliding scale and 
in some instances it was almost 80 percent, was it not? 

Dr. Botr. That is right. 

Mr. Waterman. In some it was only about 10 or 15 percent. You 
understand, of course, in connection with our regular research grants 
occasionally we make a grant for the use of a computer for that 
particular project. These are for special uses of computers. 


OCEANOGRAPHIC RESEARCH VESSEL 


Mr. Tuomas. Here is a nice item. Dr. Revelle, I see you are prac- 
ticing economy. You spent $250,000 on one of your ships. We 
thought since you got the designs this ought to be about $2,500,000. 
Aren't you a good contractor? Can’t you shave this price a little bit? 

Dr. Reverie. The difference in cost, Mr. Thomas, is just. the dif- 
ference in working drawings for the ships. 

Mr. Tromas. You have already built the prototype. We learned a 
long time ago when you get that prototype built the cost goes down. 
You have two already in ‘the water, have you not? 
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Dr. Reve.te. No, sir. 

Mr. Tuomas. When will they be in the water; in about 6 mere 
months ¢ 

Dr. Revetie. The designs for the first one are not yet completed. 

Mr. Tuomas. I thought they would be ready in about 6 months. 
You had the designs completed. 

Dr. Revetie. The designs are being completed by the Institute. 

Mr. Tuomas. I thought they were under construction, 

Dr. Revetie. I don’t think so. 

Mr. Tuomas. We had better defer this and see how the boats go. 

Dr. Revette. There is just one. So far there is only one vessel 
being constructed by the National Science Foundation. 

Mr. Tuomas. I thought you had two. 

Dr. Revetie. No,sir. One is being constructed by the Navy for the 
Lamont Geological Observatory. It is a different type, a design de- 
veloped by the Bureau of Ships called AGOR. This is a different 
design. 

HAWAIIAN INSTITUTE OF GEOPHYSICS 


Mr. Tuomas. What about this new item in Hawaii of $300,000. 
What will be the maintenance and operation cost per year ¢ 

Dr. Rosertson. The Hawaii Institute of Geophysics will be oper- 
ated by the University of Hawaii. We are hoping to provide the 
funds in a 2-year cycle, $300,000 the first year and the remaining 
amount the following year, which will enable them to put up build- 
ings. They have indicated that they will provide the operating costs 
thereafter, although we may, and other agencies may, support in- 
dividual research projects in the institute. 

Mr. Tuomas. Do you have any firm understanding about the al- 
location of the cost for your construction, maintenance and operation ¢ 

Dr. Ronertrson. We have a rather detailed estimate of the total cost. 
We are planning to give joa only $300,000 this year, which will 
enable them to firm up their estimate. 

Mr. Tuomas. Tell us what your construction cost is going to be; 
then your equipment cost, and then what your maintenance and opera- 
tion cost will be on an annual basis thereafter. 

Dr. Rozgertson. I do not have the figures right here, but I think we 
can correct these in the record. 

Mr. Tuomas. Give us your horseback opinion. Then straighten 
it out. 

Dr. Ronerrson. The building costs will be around $2.1 million. 

Mr. THomas. Will that be a Federal cost, 100 percent ? 

Dr. Ropertson. We are talking to them about the possibility of 
matching funds for the building itself. This is still in the discussion 
stage. 

Mr. Tuomas. What about equipment? What will that be? 

Dr. Roperrson. I think we would try to come to some agreement on 
both the building and equipment. The equipment would be—— 

Mr. Tromas. In excess of the $2.1 million? 

Dr. Rosertson. In addition to the $2.1 million. 

Mr. Tuomas. About how much? 

Dr. Warerman. At least half a million. 

Mr. Tromas. Is that going to be on a 50-50 or 100 percent Gov- 
ernment contribution ? 
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Dr. Rosertson. This again is the subject we are discussing with 


them. 

Mr. Tuomas. I imagine we can answer that question for you, 
though. 

Dr. Rosertson. It will cost $3 million, approximately to build and 
equip the Institute. 

Mr. Tomas. You are asking for a small downpayment then? 

Dr. Rosertson. Right. 

Mr. THomas. What will it cost you to maintain and operate it 
each year after you get it constructed ? 

Dr. Rosertson. We are not undertaking any commitment to 
operate this. 

Mr. Tuomas. You do not want to build a building and equip it 
and let it lay idle, do you? 

Dr. Ropertson. No. The University of Hawaii has stated they 
will find the general operating funds as part of their regular budget 
from the State. 

Mr. Tromas. Do you have any written instruments where each 
party understands what he is supposed to do, his duties and obliga- 
tions? 

Dr. Rosertson. They have stated this in writing. This does not 
mean we might not support individual research projects at the In- 
stitute, which would in a sense pay for part of the costs. This would 
depend on our judgment of the particular research project presented. 

Dr. Revetze. I can give you approximately the cost of the build- 
ing; $3 million would build and equip about. 60,000 net square feet 
of floor space. This would accommodate something in the order of 
a hundred scientific staff. 

Mr. Tromas. Dr. Revelle, what particular characteristics led the 
Board to pick out this particular location? What are you looking 
for when you go there? What does it have to offer that makes it 
unique ¢ 

Dr. Reverie. Hawaii offers half a dozen things, actually. The 
first and most important is that it is in the center of the world’s largest 
ocean and in the center from the point of view of water as well as the 
point of view of the geometry. You have a very clear, blue, midocean 
type of environment. with special fish, special kinds of organisms of 
all sorts, and a special atmospheric situation because of its remoteness 
from land. For example, the whole problem of how rain is formed 
and how rain falls in a subtropical area like this, is quite different from 
what it is in much of the United States. Finally, you have an un- 
paralleled opportunity to study the interior of the earth because here 
you have really the biggest mountain on earth, when you think of it 
as rising from the bottom of the sea; further, on the island of Hawaii 
there are several active voleanoes. This is a place where the earth 
reveals herself through her activities. 

Mr. Tuomas. It is quite unique, then ? 

Dr. Revetie. In many ways, ves. 


DEVELOPMENT OF GRADUATE RESEARCH LABORATORIES 


Mr. Tuomas. Let us take a look at your laboratories where you in- 
crease $13 million over last year. This is a graduate laboratory. ITs 
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there any limitation on the use of the funds here? Where will you 
spend this money and in what quantities ? 

Dr. WatTERMAN. This is to be used for nonspecialized research 
equipment. Specialized research equipment is covered under our 
normal grants, 

Mr. Tuomas. This is for general facilities to take up the slack, so 
to speak, and what you have not already used in the universities, this 
is the old mudsill. 

Dr. WarerMAN. The point is, our university laboratories are now 
getting obsolete very rapidly. They do not compare at all with in- 
dustrial and Government laboratories. 

Mr. Tuomas. What is the extent of your program? You are re- 
questing $15 million. What is the extent of your program over the 
next 10 years? 

Dr. WaTeRMAN. We have thought in terms of an item of this mag- 
nitude, or perhaps a little more, for a term of years, possibly some- 
thing in the order of three or four. 

Doing it this way we can do it systematically and thoroughly. We 
hoped that would cover it. Of course, the needs are really quite great. 
Dr. Wilson, would you speak about your study of this subject? 

Dr. Witson. From the biological science point of view specifically, 
this year we are working with $1 million, which is half of the $2 mil- 
lion appropriated last year. In terms of visits, we have visited, I sup- 
pose, 65 or 70 universities throughout the country by now. 

We have proposals for the million dollars amounting to something 
between $5 and $6 million, but this figure isn’t a true account of what 
the needs are because in inviting proposals we told them we had only 
a million dollars. 

Mr. Toomas. You have not allocated your $2 million yet ? 

Dr. Wirson. We haven’t allocated the million. We are having a 
panel meeting this month. You mean allocated or obligated with 
reference to the grants? 

Mr. Tuomas. I used it as an interchangeable term. 

Dr. Wizson. We have the funds allocated. We are working with 
one-half in the Biological Sciences Division. 

Mr. Tomas. You haven't obligated them ? 

Dr. Wirson. No. 

Mr. Tuomas. Have you obligated any part of your $2 million? 

Dr. Witson. We haven't obligated any but we have, as I say, 84 
proposals totaling between $5 and $6 million. 

Mr. Tuomas. You will divide it between math, biology, and engi- 
neering ? 

Dr. Wrison. That is right. 

Mr. Tomas. Have you obligated any part of your $2 million ? 

Dr. Wixson. No, sir. We have between $5 and $6 million worth of 
proposals which we are evaluating this month in order to obligate 
the million dollars. 

MATCHING FUNDS 


Mr. Tuomas. What is your thinking? Under what terms and 
conditions will you obligate them? 

Dr. Witson. The obligation will be in terms of competition between 
the proposals as submitted and they will be on a 50-50 matching basis. 
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Mr. Tuoomas. What are you striving for, 50-50, 25-75, 60-40? What 
are you shooting at ? 

Dr. Wiutson. We are working on a 50-50 matching basis between 
the universities and the program. 

Mr. Tuomas. Are you going to have takers at 50-50? 

Dr. Witson. We have already received about $6 million worth of 
proposals. 

Mr. Tuomas. On the 50-50 basis? 

Dr. Witson. On a 50-50 basis. 

Mr. Tuomas. How far are you looking into the future?’ When you 
once start it, just read your own figures. This was $2 million last year 
and it is $15 million this yea Next year it will be 50 or 40. What 
will it be over a 10- year cars 

Dr. Wirson. I think Dr. Waterman can speak to that figure but 
from the point of view of experience with the program to date, I would 
say that the $15 million figure is in no sense reaching the amount of 
need. I think it is a figure which we can use reason: ably. 

Mr. Tuomas. You cannot be the exclusive judge of need if you are 
asking the university to put up a little of the funds. 

They are going to have to be the judge of needs. 

Dr. Witson. It has been expressed to us on site visits. In these 
cases we have sent out people to visit the universities and talk about 
need and proposals as they are submitted. 

Mr. Lutron. Could I make one thing clear? Dr. Wilson is just 
talking about half the program when he mentions these figures. 
Through December of last year the Foundation has received a total of 
216 proposals for about $12,700,000 from the universities. 

Mr. Jonas. Will you yield, Mr. Chairman ? 

Mr. THomas. Mr. Jonas. 

Mr. Jonas. You said you were considering $6 million in proposals 
to put up matching funds by universities ? 

Dr. Wurson. Yes. 

Mr. Jonas. Those apply only to the universities and colleges that 
are able to supply half of the money ¢ 

Dr. Witson. These funds will go only to universities where there 
is a doctoral program in force and where matching funds are avail- 
able. 

Mr. Jonas. That means that the program will be effective only in 
the so-called rich or well to do or financially able, financially sound 
institutions, or is it scattered across the board ? 

Dr. Wirson. It is scattered across a cross section of universities 
throughout the whole country. 

Mr. Jonas. State universities ? 

Dr. Witson. State, private, large, small, so long as the program is 
at the doctoral level. 

Mr. Jonas. Not restricted to the great universities that usually are 
considered to be out in front. 

Dr. Witson. No. 

Mr. Tuomas. You might make the record and put the names of the 
institutions in. 

Dr. Wirson. Forty-three institutions have submitted proposals from 
the total population. 

Mr. Jonas. Do you have a list with you? 
Dr. Witson. Yes. 
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Mr. Jonas. Can you supply it for the record ? 

Dr. Witson. Yes. 

Mr. Jonas. Let him put it in the record right here. 

Dr. Wixtson. We have places like Emory. 

Mr. Jonas. You would not call Emory a poor institution. 

Dr. Witson. A small one, not a poor one. 

Mr. THomas. Read into the record the institutions that you are 
negotiating with. 

Jr. WATERMAN. So far you have only heard about biological and 
medical science laboratories. Dr. Robertson has a story on the physi- 
cal and engineering sciences. 

Dr. Roserrson. We have very much the same experience. We have 
132 proposals for $7.4 million, even though people knew our re- 
sources this year were very limited. 

Mr. Tomas. Name the institutions that you are in correspondence 
with or in the process of negotiating with, Dr. Robertson ? 

Dr. Roserrson. We can ‘put that in the record. 

I have a list here. There are about 67 different institutions. 

Mr. Jonas. Pass it over. Wecan put it in the record. 

(The information requested follows :) 


NATIONAL SCIENCE FOUNDATION 


Proposals Received Under the Development of Graduate Research Laboratories 
Program to December 1959 


MATHEMATICAL, PHYSICAL AND ENGINEERING SCIENCES 


Amount 
Name of institution and title of proposal of proposal 
Carnegie Institute of Technology: Renovation of the Electrical Dis- 
tribution System for Research Laboratories of the Department of 
Sertrica) .. Miers ee on tai lel, $10, 000 
Catholic University of America: Renovation and Construction of 
Graduate Level Research Laboratories in Chemistry..._._.._.___ 93, 189 
Columbia University: Renovation and Modernization of the Chem- 
ical Research Laboratories—Phase IL... ~~~ 158, 500 
Cornell University: Renovation of Graduate Research Laboratories 
in Rockefeller Hall, Cornell University......_........---_______. 7, 785 
Harvard University: Improvements in the Lyman Laboratory of 
Piyiher oN hn tk Ad eidink a Dibibalithendnd ated 18, 725 
Indiana University: Renovation of Certain Graduate Research Lab- 
oratories in the Cheiiistry Bullies 2. in ee cee Liesl 21, 250 
Kansas State University: Support for Construction of a Graduate 
SORRRICR ONC nn ob endothe 4, 75 
University of Kentucky: 
Modernization of Graduate Research Laboratories aie) 2 RS 4, 592 
Renovation of Physics Research Laboratories___________-_---~- 3, 192 
Louisiana State University: Renovation of Graduate Level Chem- 
ify Besse talons... kde ed, 51, 486 
University of Michigan: 
Renovation and Construction of Graduate Research Labora- 
tories in the Department of Chemistry______---~~- teal 2 oe 26, 000 
Renovation of Graduate Research Laboratories____________--~- 16, 425 


Modernization of a Graduate Research Laboratory in the De 
partment of Electrical Engineering_._.._....__.____-------- 14, 362 
University of Minnesota : 
Modernization of the Physical Chemical Instrumental Research 
i a a cl an oe ee eS 50, 000 
Modernization of the X-Ray Laboratory in the Departme nt of 
Geology and Mineralogy__--__- eked ceeentoane eu 6, 050 


University of Notre Dame: Modernization. of gri raduate research lab- 
a a ee a ee x 15, 400 
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Name of institution and title of proposal 


University of Pittsburgh: 
Renovation of the Crystallography Laboratory____-_------ whl 
Renovation of the Low-Energy Nuclear and Electron Physics 
a winery 
Rensselaer Polytechnic Institute: Renovation and construction of the 
Samptson Station of the Observatory of Rensselaer Polytechnic In- 
Deere ee ee eh Se ew Ea 

The Rice Institute : 

Improvement of graduate research laboratories of organic chem- 


Renovation and construction of graduate level research labor: l- 
a es a cnrmccdarohahbaed baptaneiabddladh-e condos 
Stanford University : 
Aid to construct a laboratory for a radioactive tracer facility___ 
Modernization of Graduate Research Laboratory in Structural 
Engineering 
Stevens Institute of Technology : Modernization of graduate research 
Se a 5 a) oe 8 hs se be, sit 28 wes s 
Syracuse University: Renovation of gr: iduate » research laboratories 
in Bowne Hall (Department of Chemistry) .----_--__________ 
Tulane University : Rehabilitation of research laboratory space in the 
Chemistry Departments of Tulane University- bt 
University of Wisconsin: Modernization of graduate researc “ch ‘I ibora- i- 
tories 
Adelphia College: Modernization of graduate | researc ch laboratories 
University. of Akron: Expansion of Graduate Research Facilities in 
eae se manne Sele? 2 tryin ovat! sult sabi 
California Institute of Technology: Construction of Facilities. for 
Conducting Hazardous Research Experiments______________ 
University of California: Creation of New Research Spac e, Depart- 
I stent 
California Institute of Technology: Construction of a Wet Chemical 
peaanonesnsnenmete St Oo fess o es oe 
Carnegie Institute of Technology: Extension of the Cyc lotron Room, 
NR EE La RATE ee 5 
University of Cincinnati: Modernization of Laboratories for Re- 
search in Physical and Chemical Geology ___- ~~ aba 
Clemson College: Installation of Laboratory Furnishings in Brac ke tt 
I RR A ch en — 
Cornell University : Modification of Two Research Rooms in Baker 
cs ceeresepna is aGh adhd dnch lta at bhai mn bdedebmteneinasinss 
Georgia Institute of Technology: 
Basic Research Fatigue Laboratory in the School of Indus- 
rien CI sss se habia ret reins 
Additional Sanitary Engineering Research Facilities for Basic 
enn ea Sc isis I Ca oh a 
Harvard University: Renovation and C onstruc tion of Fac ilities for 
INUIT arene a 
University of Houston: Rehabilitation of Space for Graduate Re- 
I ak cee einen cenhrreetenn 
Howard University : Installation of Graduate Level Research Labora- 
tories in the Attic of the Chemistry Building_-_-_---____-- Sot 
University of Illinois: 
Remodeling Program for Physical Chemistry_____---~~-~- E 
Ixpansion of Research Facilities of the Digital Computer Lab- 
ON a he checlainssnnsign ACRE snenecinen anes 
Indiana University: Modernization of Graduate Rese: arch Labora- 
ES alc icda tessa 
Louisiana State U niversity : Request for R: rdioisotope and Radiation 
I ae ies Socteettl 
University of Maryland: Improvement of Facilities of the Graduate 
Research Laboratory Used for the Investigation of Elementary 
a Neal nn econ oineiasiyalmaionnne = cee 


Amount 
of proposal 


$11, 000 
14, 357 


13, 500 


28, 200 


11, 940 
82, 995 


13, 332 
15, 325 


16, 575 


~— 
35, 312 


15, 000 
15, 500 
164, 000 
2, 789 
28, 250 
105, 000 
190, 000 
17, 500 


132, 637 


10, 450 


—_— wa 


i'w 


29 


Name of institution and title of proposal 


Massachusetts Institute of Technology: Modernization of two Lab- 
oratories in the Metallurgy Department 
University of Michigan: 
Renovation of Graduate Research Laboratories.__.........____ 
Renovation and Construction of Graduate Research Laboratories 
in the Department of Geology 
University of Minnesota : 
Additional to the Graduate Research Laboratories._......______ 
Construction of Research Rooms for Mathematics._......._____ 
Mississippi State University: Modernization of Graduate Research 
TOTTI OD gon sce cerns cetera deiepeiadeiieidiiel an east 
University of New Mexico: Modernization of Graduate Research 
nr EE a a eae 
University of Notre Dame—Modernization of Graduate Research 
I) 
Ohio State University: Remodeling a Portion of the Space in the 
McPherson Chemical Laboratory and to make a Laboratory for 
Graduate Research in Radiochemistry__......_......-_---_______ 
University of Oklahoma: Modernization of Graduate Research 
EIEN oceans Secsidesieromron sseysenone saranda aE Is SALI Adah xh ahabailal bse. 
University of Pennsylvania : 
Renovation and Construction of a Graduate Research Lab- 
oratory in the Moore School of Electrical Engineering 
Construction of a Laboratory for Electron Microscopy_________ 
Increasing Research Laboratory Space in the Physics Depart- 


I eins cere eee encseoenttirprencsaies cnmenniepitavenchcncienmnnesti hb taitbathetbehnes sleet 
Purdue University: Modernization of Graduate Research Labora- 
UII iver sayscstapietsinhiesetaiinetenteeste serene tnigtescgiia eset sasitendioninaaten ta siest tuatindsli thence tei Ried ta SA 
Rensselaer Polytechnic Institute: Construction of Concrete Labora- 
a ret eee 


Stanford University : 
Transport Processes Research Laboratory______-_.-______.___ 
A Small-Scale Fluid Mechanics Laboratory for Doctoral Re- 
NE ae ea lee ed ice © EE eee Se 
Stevens Institute of Technology : Modernization of Graduate Chem- 
ical Engineering Research Laboratory___-_---_-_--__--_--_-__-_ 
State University College of (Syracuse University) Forestry : Renova- 
tion of Laboratories for Research in Pulp and Paper Technology__ 
Syracuse University: Modernization of Graduate Research Labora- 
a eae lenin chen aaedigeieeiagb ee 
A. & M. College of Texas: Development of a Graduate Level Research 
Laboratory in the Soil Mechanics Division of the Civil Engineering 
UI TRON ee ee ea i eenechneaieehbbealt 

Tufts University : 

Construction of Machine Shop and Laboratory Space for Gradu- 
ate Research in pate and Phy sic al Chemistry Renovation 


Tulane U sieamuiie? : aaah Taevabers Samasbuattont Department 
a isis ea teerckd tb baht tim atn nc tenbeiebhaiatece 
University of Wisconsin: 
Reconstruction of Two Rooms as Laboratories and Renovation 
Or Chee Ter Ot ee a a a ele 
Modernization and Rehabilitation of a Graduate Research 
Laboratory for Research in Semiconductor Electronics___- 
Indiana University: Modernization of Graduate Research Labora- 
NE ee ee cuudcth delaheetenstediasnin dickies 
Kansas State University: Renovation of Graduate Level Research 
paboratories in: Cieunintei inn ol ee eke cee eee 
University of Louisville: Fixed Equipment for Graduate Research 
PR RN ne a a a iad tea tsenicabits 
University of Maryland: Experimental Facility Improvement of ‘the 
Graduate Research Laboratory 2.26 oo bs en oe eke 


Amount 
of proposal 


$1, 415 
12, 907 
7, 236 


21, 825 
4, 225 


55, 000 
8, 628 
10, 571 
10, 237 
15, 000 
24, 850 
56, 000 
8, 782 
5, 000 
3, 000 
4, 350 
32, 934 


17, 022 


15, 150 
40, 000 


7, 187 


7, 455 
7, 410 


21, 7 
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Name of institution and title of proposal 

University of Michigan: 

Xquipping the Fluids Science Laboratory - dil 
Development of a graduate research laboratory in the Depart- 
ment of Electrical Engineering (Solid State Laboratory ) —--- 
Modernization of Graduate Research Facilities for the Depart- 

ment of Nuclear Engineering 

University of Minnesota : 

Expansion of Research Laboratory Facilities in Geochemistry 
Plasma Jet Facility Support Sieh ou 
Remodeling Organic Geochemistry Laboratory _- 

New Mexico Institute of Mining & Technology : 

Modernization of Graduate Research Laboratories used in Ice 
and Tritium Studies____~- ard 

Installation of an Blevator Facility in the Researc h Building of 
the Institute cone 

University of New Mexico: Complete Furnishing of Laboratory Space 
for the Department of Chemistry _- ae 

Ohio University : Modernization of Graduate Resear h Labor: atori ies 

Oklahoma State University: The Renovation and Modernization of 
Two Graduate Research Laboratories. ____- 

Pennsylvania State University : Construction of a Gradu: ite Level Re- 
search Laboratory Facility (High Stagnation Temperature Wind 
Tunnel Facility ) beside diese pid jhe 

University of Pennsylvania: Modernization of Graduate Research 
Laboratories in Mechanical Engineering 

Rensselaer Polytechnic Institute : 

Renovation of Research Laboratories. 

Supersonic Research Facility_—- Sites 

Modernization of a Laboratory for Graduate Researc hb. in C or- 
rosion and Related Phenomena. se 

Vanderbilt University : Modernization of Gr: adu: ate ‘Researe h Labora- 
tories for Physical Sciences in the Andrew B. Learned Hall__- 

Renovation of Graduate-Level Research Laboratories in the De- 
partment of Chemistry—- = stint 

Washington State University : Moderniz: ation of the Researc h Facili- 
ties of the Organic Chemistry Division__-_- 

University of Washington: Modernization of the Brittle Coating Re- 
search Laboratory i wars. t 

University of Wyoming: Construction of ~ Hood for Gr: iduate Re- 
IN Tra actdnaadicnarieacenites 

The Florida State University : Modernization of Gradu:z ate Researe h 
Laboratories in Meteorology ? 

University of Georgia: Establishme nt of Modern Gradui ite Rese arch 
Laboratories in the Department of Chemistry 

Iowa State University: Assistance in Enclosing Two Open Courts of 
the Physics Building bess 

University of Michigan: Construction of Researc h Fs ac cilities for the 
Institute for Social Research beaten 

New Mexico College of Agriculture & Mechanic ‘Arts: Cc ‘onstruc tion 
of Graduate Level Laboratories and Facilities for Basic Research 
in the Natural and Engineering Sciences_ 

North Carolina State College: Modernization of Graduate Researc h 
Laboratories in the Department of Mechanical Engineering- 

University of North Dakota: Construction and Equipping of a Por- 
tion of New Graduate-Level Research Laboratories. 

The Pennsylvania State University: Modernization of Graduate Re 
search Laboratories____- 

University of Tennessee: Moderniz: ition of Graduate Research Lab- 
oratories in Physics- ii 5 ina ba bee sasel 7 Lio , 

Virginia Polytechnic Institute: Support of a aaREPERRCNe. § Chem- 
istry Laboratory for the Physics Department 

Wayne State University: Fixed Equipment in the L ife Sciences Re- 
search Center_ 


Amount 
of proposal 


$3, 459 
12, 450 
17, 000 
3, 150 
8, 322 
9, 350 
4, 185 


S THO 


11, 116 


ed . 
32, 008 


18, 388 


12, 000 
20, 709 


8, 950 
9, O00 


10, 150 


350 
23, 000 
DO, 204 
55. 000 


110, 000 


21, 904 
31, 950 
55, 961 
9, 500 


6S, 250 


. 400 


150, 000 


al 


X) 
) 
94 


) 


16 
03 


SS 


AM) 
09 


0) 


WA) 


79 
17 


0 


B50) 


00 


DOO 


00 


OH 
950 
961 
200 
250 
100 


000 
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Name of institution and title of proposal 


West Virginia University: Establishment of a Servomechanism Re- 
I a cl ici Rana sti ie i tig tk etna inhabit dade 
Polytechnic Institute of Brooklyn: Construction of Graduate Level 
Seana Gea. \ TEU EIR RNR eo eninsstci sind scselabtecatlamnitea ti reagan: saasem anrnng am peninaie 
Brown University: Construction of a Science Library at Brown 
NOD iota hacia tins bn ees eecaiiagh ie aesngh ane ee ere 
University of Illinois: 
Modernization and Expansion of Graduate Research Labora- 
werien” It. Oival. Mien... co a ee 
Construction of Research Buildings at the Betatron Laboratory_ 
Princeton University : Construction and Furnishing of Graduate Re- 
search Laboratories in Units B and C of the New Engineering 
NN cs snk Rb scncetnlentssatncea- ahem consent ts Soap amore ashton oes Gea cae eee 
Stanford University : 
Renovation to Extend the Capabilities of the Mechanical Engi- 
neering Laboratory for Research by Photographic Techniques_ 
Construction of a New Physics Research Laboratory at Stanford 
NP ein eater ee ee le ee 
University of Texas: Assistance in the Construction of a B uilding to 
House a Major Computer Installation 
University of Wisconsin: 
Modernization of Facilities for Graduate Mathematics Research 
Construction of a Laboratory for High Energy Physics_________ 
University of Arizona : Support of Construction of a Research Labora- 
tory for the Study of Imperfections in Metals_________._-_______ 
The Catholic University of America: Support of a Gr: rdus ite Research 
Laboratory Facility in the Department of Electrical Engineering_ 
Georgia Institute of Technology: An addition to the Chemistry 
Basics <arartas orrdeteanicieee ng ce daletciasaenpirapieanndiaieat tema ascent treiaicencosstormenasoniteses treme as 
Indiana University: Fixed Equipment for the pl: anned gré iduate re- 
search wing of the Chemistry Building at Indiana University____ 
Johns Hopkins University: Enlargement of the Physics Laboratory — 
Kansas State University: Support for Construction of Graduate Re- 
I cd ene ee eines 
Louisiana State University: Renovation and/or Construction of 
Graduate Level Research Laboratories____- : Sekt 
University of Michigan: Construction of an Addition to the Me te oro- 
I da ene cba 
Pennsylvania State University : 
Support of Part of Construction Costs of an Addition to the Geo- 
chemistry Research Laboratories____- oe 
Construction of Graduate Level Laboratories for Basic Researe h 
in the Natural and Engineering Sciences at the Nuclear Re- 
actor Facility.__.__- ae eect 
Rensselaer Polytechnic Institute : Construction of Elec tron Physics 
NE EL AE EA LRAT TORN RANE LLORES 
The University of Rochester : Addition of Wing to Ba ause ch and Lomb 
Neen TT cnn nn ee 
University of Wisconsin: Aid in the Construction of a Research 
Laboratory 


Mathematical, Physical and Engineering Sciences, Subtotal (132 
proposals ) - 


BIOLOGICAL AND MEDICAL SCIENCES 


Cornell University: Construction of New Plant Physiology Labora- 
tories_____ iia 

University of Chicago: Renovation and Furnishing of ‘Zoology Re- 
search Laboratories (Whitman Lab) eas sitet teres ieee 

University of Wisconsin: Construction of New Floor for Protein 
Biochemistry bectoas th cacti oa oe 

Emory University: Ventilating System for Bioc chemistry, Depart- 
ment_ 


Amount 
of proposal 


$4, 250 
247, 500 
500, 000 

8, 500 

28, 200 

375, 000 


2,375 
700, 000 
100, 000 


110, 000 
72, 500 


1, 856 
30, 000 
141, 150 


145, 605 
1, 248, 500 


6, 000 
110, 000 


22, 500 
90, 000 


’ 3, 293 
12, 500 
528, 464 


7, 000 


7, 397, 681 
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Name of institution and title of proposal 


University of North Carolina: Construction of an Animal Metabolic 
eee aay eure eam me 
University of Pennsylvania: Equipment in New Central Microbio- 
Neen ee ee nen a aorererce pare hsapligs pobre nein dbgiaterse 
Georgetown University: Renovation of Research Laboratories_____- 
University of Chicago: Modernization and Rehabilitation of Graduate 
eee cn cceialeeeake aging yam mpsrae 
Kansas State University: Modernization of Graduate Research 
I a eb bebeiapnapmeninieersinininemeen 
Indiana University: Modernization of Animal Rooms for Physio- 
Ne Nn nase ee gabteaciodine syarptaeeeeonsernsh nm 
Rockefeller Institute: Furnishing and Equipment for Graduate Re- 
Sn EID pec an a wiccecin cee ioe grencanae ane 
University of Florida: Furnishing and Equipping Bacteriology 
ae as Lecce ceenarmughesoabetmmbereraein=t eu 
Mississippi State University: Modernization of Zoology and Ento- 
mology Graduate Research Laboratory 
Duke University: Furnishing Botany and Zoology Research Lab- 
rie: 2 2 S50 1 Se St a puriasial aad pea ieegteresagdeie meena nae arene 
University of Michigan: Renovation of Fisheries Research Labora- 
I Ls eine iaaieaanier amine ie anne 
University of Minnesota: Renovation of Laboratory for Photosyn- 
AIRE Se eee eee Lt cen merinionae™ 
Cornell University : Construction of laboratories for research in plant 
Arr IN Rn et cnereepeiioniinremep ereannscanoen ein 
University of Minnesota: Modernization ‘of gri iduate labor: atories 
etn “SO nem weresinmemnmt 
University of Michigan: Renovation of zoological researc h labora- 
tories ao - : = 
University of Illinois: Remodeling of anatomy research laboratory_- 
University of Kentucky: Construction of isolation units for equine 
research_ 
University of Wisconsin: Renovation of botanical research green- 
hovses 


University of Tlinois: Remodeling biochemistry research laboratory 
Pennsylvania State University: Furnishing a virology and tissue cul- 
ture laboratory ; Z a 
University of Pennsylvania: Completion and furnishing of biology 
animal building Keo s i aa : 
Tulane University: Expansion of insectary and other facilities for 
parasitological research case naniint ans 
University of Nebraska: Renovation of entomology laboratories 
Kansas State University: Construction of isolation cages si 
Rutgers University: Completion and furnishings of biologic al re 
search laboratories ae none aaa 
University of Missouri: Renovation of research facilities in depart- 
ment of zoology__- ; a ; ; 7 
University of C alifornia : Renovation of research laboratories for 
plant pathology, soils and plant nutrition 
Purdue University: Construction of research greenhouses 
University of Florida: Furnishings of Botany Research Labora- 
tories____ siaaknatinae ai add iaceasthcastathenidentes bia 
Vanderbilt Unive rsity 
Renovation and arkidited of Research Laboratory in Plant 
Histology ; aids 
Construction of Gree mhouse for Researe h Use : oa 
University of Arizona: Construction of Greenhouse and Headhouse__ 
Brown University : Construction of Science Library , ‘ . 
Wayne State teasing Fixed Equipment for Life Sciences Re- 
search Center_ ee id 
Louisiana State U niversity : : Refurbishment of Laboratories for Iso- 
topic Tracer Research imei ae en 
State University of South Dakota: Furnishing of Physiology, Phar- 
macology and Biochemistry Research Laboratories , 
Tulane University: Furnishing Biology Research Laboratories 


Amount 
of proposal 


$124, 450 


25, 200 
33, 400 


2, 500 
850 

23, 100 
41, 900 
5, 000 


5, 000 


38, 000 
5, 300 


36, 900 


9, 700 
12, 000 


12, 500 
47, 500 


3, 350 


De AnOO 
600 


109, 400 
24, 500 


150, 000 
82, 700 


4,100 
2, 000 
9, 600 
7, 000 
425, 000 
150, 000 
132, 600 


5, 000 
9, 000 


~ 
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Name of institution and title of proposal 


Washington State University : 
Renovation and Furnishings for Bacteriology and Public Health 
EI SS on cscs ns nieces wae os een Gna hedaman aiite 
Renovation and Furnishings for Botany Laboratory__-------~- 
Indiana University: Furnishings for Bacteriological Research Lab- 
RINE. aa rr as aan meena areas diasiairetinanenNemeaaai 
University of Wisconsin: Renovation of Zoological Research Lab- 
CU cain sac tevic in icv inc ain ean a meen ie ita ann aes wattage 
Tulane University: Furnishing of Tropical Medicine Research Lab- 
oratories. for Graduate: BEREOR Biot ct mca eremen~cmneasennae 
Vanderbilt University : 
Furnishing of Anatomy Research Laboratories___..___..---~---- 
Furnishing of Biochemical Research__-------.----------~---- 
Furnishing of Biology Research Laboratory____-_-------------- 
Furnishings for Laboratories for Department of Microbiology_- 
Furnishing of Research Laboratories for Pathology__.__------ 
Furnishings of Laboratories for the Department of Physiology- 
Western Reserve University : 
Construction of Botanical Research Laboratory____.---------- 
Renovation and Improvement of Primate Behavior Laboratory 
Remodeling of Embryology Laboratories__________-_______----- 
University of Michigan: 
Renovation of Plant Physiology Research Laboratories______-_- 
Furnishing of Pharmacy Research Laboratories__._....___----- 
State University College, Syracuse University: Renovation of Forest 
Oe PUG ROR ORONO on atic oma nite meting ceommaais 
University of Minnesota: Construction of a Botany Research Labo- 
TRROry Li Biot £E ake 
Pennsylvania State Univ ersity : Renov ation and F urnishings for 
Animal Nutrition Laboratory 
University of Minnesota: 


Pennsylvania State University: Furnishings for Plant Science Re- 
SOE «DIN on os cs i i as eee eed eh 
University of Connecticut : Research Wi ing for Life Science Building 
University of Pennsylvania: Renovation of the Biological Engineer- 
Se SGGNOGTCr  D@CUreCOnIOe. on ot dg ie ah 
University of Michigan: Modernization of Graduate Research 
Facilities for Forest Biology aie 
Pennsylvania State University: Furnishings for Labor: ator y for 
SS ie Ce SO RE OES) eee Tea ae cee eiee rie teeters 
University of Illinois: Construction of Laboratories for Electron 
Research Laboratories__ L tbboal cn Filan behind ides ahicd sad talent eee tee 
University of Illinois: Construction of Laboratories for Election 
i aT 
University of C alifornia : ‘Construction of a L abor: tory ‘for ‘Photo- 
synthesis and Chemical Biodynamics Research_____- giana 
University of Michigan: Construction of Laboratories for B sotanical 
Gardens___- ek 
Virginia Polyteec hnic Institute: Researe oh ‘Laboratories for Biochem- 
istry, Microbiology and Nutrition__ es 
Washington University (St. Louis) : Renovations and ‘furnishings of 
a Laboratory for Plant Histology_ th & 
Medical College of Virginia: Renovations and F urnishings for Path- 
ology Research Laboratories_____- iiatybtaletatah: 
University of Southern California: Moderniz: ition of Gr: iduate Life 
Science Research Laboratories_ cd acakand 
University of Wisconsin: Furnishing Laboratory for Physical An- 
thropology__ IBGE. 
University of Oregon: ~ Completion and Furnishing of Biological 
SRICRAEIDS IO I I 
University of California: Renovation and Furnishing of Labora- 
tories for Pharmaceutical Research 


Amount 
of proposal 


$3, 500 
3, 700 


9, 400 
9, 800 
31, 600 
4, 300 
17, 600 
23, 200 
48, 600 


13, 500 
23, 900 


1, 900 


44, 400 
826, 200 


26, 000 
2, 000 

1, 500 
250, 000 
627, 500 
239, 500 
52, 700 
1, 900 
13, 500 
115, 400 


8, 600 
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aes Amount 
Name of institution and title of proposal of proposal 
University of Nebraska: Construction of Walk-In Cold Room____- $1, 000 
New Mexico Highlands University: Facilities and Laboratories for 
Continuation of Graduate Research Program___________________ 263, 000 
Kansas State University: Renovation and Furnishing of Attic Space 
for Bacteriological Research in School of Veterinary Medicine__ 22, 000 
University of Wisconsin: Renovation and Furnishing Laboratories 
ME eg ge aaa 6, 000 
University of Minnesota: Dairy Husbandry Research Jaboratories_ 36, 100 
Tulane University : 
Furnishings for Physiology Research Laboratories__.________ 18, 300 
Modernization and Furnishing of Biochemistry Research Lab- 
a es 16, 400 
University of Georgia: Furnishing and Modernization. of Gr: aduate 
FTE ne eee eee ee nee ce cceer ue enarece seins peste 22, 900 
Southern Illinois University: Modifications of animal House and 
ak hh oa ease ee Sel Soe aan eas 18, 100 
University of Kentucky: Primate Behavior Research Laboratory_ 24, 900 
Biological and Medical Sciences, Subtotal (88 proposals) 


eee ae 5, 264, 200 


Total (220 proposals) it 32; 661; oa 


BASIS OF ESTIMATE 


Mr. Tuomas. How do you arrive at this figure of $15 million for 
this year? 

Dr. Rosgrtson. I think this is a very reasonable figure when we look 
at the need. We made an estimate on the basis of many visits. 

Mr. Tuomas. Doctor, do not fall into the error that you will be the 
exclusive judge of need because these universities will be the final 
judge of need. 

Dr. Rozertson. This is based largely on conversations with the uni- 
versities as to things that they nee .d for which the *y are able and will- 
ing to put up matching funds. 

Mr. Tuomas. What do you think your program will cost in mathe- 
matical, physical, and engineering sciences over a period of 10 years! 

Dr. Roserrson. That is a hard estimate to make. 1 think our im- 
mediate needs would come close to $50 million. 

How this would extend over a period of 10 years, I do not know, 
but there is no doubt that all of the institutions, including some of the 
major ones, have fallen behind in this matter of facilities for research. 

Dr. Reve.te. Let me give you some figures on this from the stand- 
point just of scientific manpower. We are producing annually now 
something like 4,000 Ph.D.’s in the sciences. In order to be effective, 
in research each one of these men needs to have about a thousand net 
square feet of laboratory space for himself and his students, if he is 
going to be effective in teaching and in research. This means that 
each year you need to add something like 4 million net square feet 
of laboratory space to the research facilities of the country. The best 
estimates that 1 know of for the cost of laboratory space per net square 
foot, with some equipment, is about $50 a net square foot. This means 
that each year you need to build. 

Mr. Tuomas. Off the record. 

(Discussion off the record.) 

Dr. Revetix. If you take the kind of laboratory space that is suit- 
able, I think $50 a net square foot is not too far off. This means that 
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ou need to build each year about $200 million worth of laboratory 
aeidin gn. 

Mr. Tuomas. If you are talking about square footage, yes. I 
thought you were talking about equipment with it. 

Dr. Revetix. That is with thie basic equipment, so that the needs of 
the country, if we are really going to do what we were trying to do 
this morning, namely, to catch up quantitatively and qualitatively 
with the Russians, really means we have to build $200 million worth 
of laboratory space each year. This figure that Dr. Robertson is talk- 
ing about of $40 or $50 million for the Federal Government, for this 
part, as you can see, comes well within the figures. 

Mr. Tuomas. Are we getting into the position of having an agency 
in Government sitting here in Washington dictating to the universi- 
ties throughout the country a scientific program? What are your 
strings attached to this money ? 

Dr. WaTeRMAN. Such a position is completely against our philoso- 
phy all along, Mr. Chairman. As you know, we try to follow the 
lead of scientists in what is needed. We have as a check on this the 
deliberations of our National Science Board so we are very careful 
not to dictate. 

Mr. Tuomas. The Board is made up of good old human beings like 
every other body. 

Dr. Revere. Our position is we cannot increase our research a bit 
without additional research facilities. 

Mr. Jonas. That observation interests me. As I sit here and listen 
to you gentlemen, I begin to suspect that we have the cart before the 
horse. 

I do not see how we can profitably spend $75 or $80 million in basic 
research when these people that will do the research do not have ade- 
quate facilities in which to work. Maybe we ought to take about 
$50 million out of that and start acquiring the facilities and then be- 
gin to put them to use. What about that, Dr. Waterman? 

Dr. WarerMAN. The purpose of this item is to enter that picture 
and try to do right by the other side. 

Mr. Jonas. What if we cannot do both? You need the facilities 
more than you need the other. You need that as a basis or background 
or beginning point. 

Dr. WarerMAN. It is an important basis but in the meantime we 
have to get on with the most modern up-to-date research. This is 
taken care of with our regular grants. We do provide the special 
equipment for this special research. They can do it even when the 
general environment 1s not too good. They can get on with it. Now, 
we are trying to get a broader base, just as you suggest, without inter- 
fering with single projects which ought to be done. 

Mr. THomas. Suppose you spend $100 or $150 million on this in the 
next 10 years building and equipping laboratories. What is going to 
be the maintenance and operation cost thereafter ? 

Dr. Reverie. The maintenance and operation cost of the scientists 
that occupy the buildings. 

Mr. Tuomas. What will be the cost of this budget ? 

Dr. WarerMAN. We do not contemplate operating costs in this. 
This is just an attempt to bring things up to date. 
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Dr. Srratrron. Mr. Chairman, I would like to comment on that 
because I feel Mr. Jonas has put his finger on some very important 
points. 

Dr. WATERMAN. Yes, he has, 

Dr. Srrarron. We ought to face up whether we like it or not to 
all the factors involved in this. There is no use trying to provide 
more and more funds for research when we haven’t any place to 
put it. There is no use giving money for space unless we recognize 
it will represent additional operating costs. 

Whether those ought a be paid by the Government or the State 
or the private institution, I do not think is just a matter of principle. 
It is a question of where the funds will come from. Take your 
matching grant business. I personally think this is an extremely 
wise and good idea. I am not sure it is feasible. If we take your 
figure of $200 million, and I think if we are entirely candid you know 
that is a modest figure, and I know it is very much greater. You 
cannot define what is need. If need is defined by the willingness of 
the university to undertake this obligation, then I do not think the 
universities are going to find it easy to get $200 million. They have 
not got the resources themselves. If I can take a moment more, Mr. 
Chairman, to sort of bring out the kind of a juncture at which we 
are, I would like to preface this by making clear that I speak not of 
the large; small, nor private, nor public; this is a national problem. 

You spoke of the origin 10 years ago of this Foundation starting 
with a few hundred thousand dollars and now it is $160 million or 

$190 million, be it as you will. Fifteen years ago and after the war, 
this work was begun, this increase by the Office of Naval Resea rch, 
by the various other agencies of the National Defense Department 
and what we have been doing is putting an increasing amount of 
money each year into basic science and education for science. 

Ww hy do we do it? Because of a conviction here in Government, 
and I think among the people, that science and research is of over- 
riding importance to the survival of this country both economically 
and militarily. That is fine. It is a matter of national policy. 
When the National Science Foundation makes grants or contracts, 
it does it not as a philanthropic matter. We sit here entirely ina dif. 
ferent capacity as trustees of this Board instead of the Rockefeller 
Foundation because this is national policy and national need. That is 
good. Then we turn to the universities and ask them to take on this 
task. 

It is only reasonable to ask that they should share in the costs, but 
the effect has been to lift the level of university operation in science 
and research and teaching a whole order of magnitude above anything 
we could do in 1946 or 19 50. 

The net consequence is that the universities, be they State or pri- 

vate, have lost contact with the roots of their original support, and 
whether we are talking about indirect costs or the problem of gradu- 
ate facilities or the support of basic research, it comes to the same 
thing. 

It isn’t whether the universities should share the cost. Where are 
they going to get the additional money to do it? 

Now, to some degree the State universities can turn to the State 
legislatures. Perhaps that is what they should do. Private insti- 
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tutions try to get more endowment and gifts. All of us are working 
hard on that problem. I think we must be aware that the effect on the 
private institutions is not to turn to the student to increase his tuition 
so we price him out of business. What I am pleading for here is look- 
ing at the problem we start with the question: What does the country 
need, what should be the scale of our total effort, and then how will 
we distribute, where will we find the funds to accomplish this thing ? 

It cannot come out of the resources of the universities any more. 
I know Dr. Gross will say that is true. They frankly have not got 
those funds. Coming back to this particular point, one of the very 
grave needs, as I observe it, is for help in capital facilities. We went 
all out for a w hile after the war in supporting research. I think that 
is still important. There is no use going beyond there to where we 
do not know where to put the people. 

Mr. Tuomas. We see lots of this, for your information. We on this 
side of the committee sit on various committees, from the Armed Serv- 
ices through your agency here and through practically every scien- 
tific agency in the Government. We are quite familiar with the 
problems, et cetera. 

Dr. Gross. Could I comment, Mr. Chairman ? 

Mr. Tromas. Yes. 

Dr. Gross. I would want to endorse heartily the point of view ex- 
pressed by Dr. Stratton. I would like to add perhaps a comment. 

Mr. Tuomas. We are ‘spending more for basic research each year 
than the previous year in all departments of Government. I think 
the figures are around $4 or $414 billion this year. 

Dr. Gross. You made another comment. I think this has had a 
very profound and important effect on industry and industrial re- 
search, which is a very large sum, even compared to what we are 
talking about, in their awareness of their responsibility. Dr. Stratton 
and I were in a group and I became familiar with some figures which 
indicated their awareness of the necessity for basic research. 

Mr. Tomas. They spend almost as much as Government. 

Dr. Gross. That is right. The other point is I think the staff, and 
Dr. Stratton will remember up at Endicott House, where we met, the 
staff has approached this really more conservatively than the Board 
would have. You may say we are human beings. I grant that, but 
I think those of us who are in the universities have felt this tremen- 
dous pressure that we have not the space and at the same time the 
staff—I remember a figure, Allen, if I am right, of $50 million as a 
very careful estimate by some of our group made 4 years ago, if I 
remember rightly, for this particular purpose. 

Mr. Tuomas. Do you think the Government should share in the 
maintenance and operation and administrative costs? Dr. Water- 
man says 25 percent. There is no limitation on these funds. The 
NIH bill has a 15-percent limitation. There is no limitation in here. 
What part of these funds should be used for administrative purposes 
by the institutions? Is it necessary for the Federal Government 

Dr. Waterman. None of these. It is under research grants that 
we are talking about the 20 percent. 

Mr. Tuomas. It will be here, too. 

Dr. Waterman. These are capital costs only. 
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Mr. Tuomas. Is it necessary for the Federal Government to sup- 
port administrative expense as well as instruction and all types of 
capital equipment ? 

Dr. Gross. I think it is, Mr. Chairman. 

Might I comment on Mr. Jonas’ question? I am rather anxious to 
point out that the feeling of the Board, Mr. Jonas, is that this should 
be, in every way possible, an across-the-board effort. You brought the 
point out about the types of institutions. I think I reflect the senti- 
ments of the Board that this is not to be going in one particular type 
of institution or direction because the need, as I think the people have 
been aware of out in the field, and the observations of those of us on 
the Board, clearly indicates this is necessary. It is needed as much 
in the smaller universities and colleges. The need is tremendous for 
this. 

INSTITUTIONS SUBMITTING PROPOSALS 


Mr. THomas. Where is the list of people and institutions that are 
interested in this $15 million for 1961 in the field of biology and in 
the field of engineering and math? Do you have those two lists there? 

Dr. Wuson. I have a list of the 88 proposals from the institutions. 

Dr. Waterman. We have a list from Dr. Robertson of 132 pro- 
posals. 

Dr. Ropertson. I have the same type of list, proposals received u 
until December 1. There will be some other institutions which will 
come in later, I am sure. 

Mr. Tuomas. Read off a few of them. How are they distributed 
geographically ? 

Dr. Rozertson. These are arranged by subject matter, but the first 
ones I see are Florida State University and the University of 
Michigan. 

Mr. Jonas. Mr. Chairman, would you let him indicate what type 
of facility ? 

Mr. Tuomas. Go ahead. 

Dr. Rosertson. Modernization of graduate research laboratories 
in meteorology at Florida State University; construction of an addi- 
tion to the meterological laboratory at the University of Michigan; 
then here are a couple in chemistry : modernization of research labora- 
tories at Adelphia College, on Long Island; and expansion of gradu- 
ate research facilities in polymer chemistry at the University of 
Akron, Ohio. 

Mr. Tuomas. I wonder if you would be good enough to submit a 
copy of that for the committee and give us the opportunity of looking 
it over? Wemay need it for the record. 

Dr. WatTerMaN. Surely. To add one point to what Dr. Stratton 
and Dr. Gross have said, with the tremendous increase of under- 
graduate population facing the universities one of their greatest prob- 
lems is to accommodate the increase in the undergraduate body, for 
classrooms, laboratories, dormitories, et cetera. This is their huge 
problem. It is all they can do to meet that. Graduate research 
suffers by comparison. It is here we feel the Foundation can make a 
real contribution. Research is getting lost in the shuffle. It is a minor 
part of their problem but a most important one. 

Mr. Tuomas. What about some of these institutions that are all 
severely overcrowded and very few students can get into them, par- 
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ticularly only those with an A plus record. If you put in Federal 
money, here comes the B and C student, who wants to get into them. 
He can’t do it. 

Dr. WATERMAN. That is areal problem. 

Mr. Tuomas. His papa’s money is helping to finance them. 

Mr. Yates. Maybe Dr. Stratton would want to speak to that. 

Mr. Tuomas. Well, Doctor—this is the first time he has been here. 
Let’s not put him on the spot. 

Dr. Srratron. Off the record. 

(Discussion off the record. ) 

Mr. Tuomas. How are we going to explain this to the people? 

You call some of these institutions and the first thing they ask you 
is, “Do you have an AA record?” If you do not have, they hang up 
the telephone and almost insult you for calling. 

Dr. WaterMAN. We do not propose here to deal at all with the 
undergraduate body. This is entirely for graduate research. The 
other is an enormous problem, but not one that we should get into at 
the present time because it covers all fields of knowledge. 

Mr. Tuomas. You are not going to tell institutions how to use this 
laboratory, are you? I thought you told me you did not have strings 
on ita while ago. 

Dr. WarrerMAN. It is for graduate research in science, not under- 
graduate instruction. 

Mr. Tuomas. There is a string already. You are telling them how 
to use it. 

Dr. WarerMAN. That is the only thing we can do. We do not tell 
them how to use it. We provide the money to assist scientific research 
purposes in general. 


FUNDS FOR UNDERGRADUATE WORK 


Mr. Yates. Can any of these funds be used for undergraduate 
scientific work ? 

Dr. Waterman. No. 

Mr. Yates. Do you have other funds for universities that can be 
used for undergraduate scientific work ? 

Dr. WarerMAN. We have not entered that problem at all except in 
special grants in Dr. Kelly’s area. 

Mr. Troms. We give them a postdoctoral staffing and then furnish 
the laboratory. 

Mr. Yates. I wondered whether they were not also going into the 
field of undergraduate work for the universities. Is that the next 


ste 

Br WarerMan. We already are doing that in a small experi- 
mental way. 

We call this undergraduate participation in research. We are mak- 
ing selected grants here and w atching them carefully. 

Mr. Yares. Then you have to answer Mr. Thomas’ question, do 
you not ? 

Dr. Waterman. This has nothing to do with the equipping of un- 
dergraduate laboratories or costs of instruction. These are to enable 
a science teacher in a university to spend more time and have avail- 
able research equipment for undergraduates to do research of their 
own kind. It is not as advanced as graduate students, but it puts 
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them on their mettle. They can take special assigned problems which 
to them is research. Wherever this has been tried it has been very 
helpful in getting great enthusiasm and progress on the part of the 
celaieien But this is specifically for special students, you see, 
not for general laboratory purposes or classrooms. 


Basto Researcu GRANTS AND CONTRACTS 


Mr. Tuomas. Let us take a look at basic research grants and con- 
tracts. 


Put pages 17, 18, 19, and 20 in the record. 
(The pages referred to are as follows :) 


Basic RESEARCH GRANTS AND CONTRACTS, $78,800,000 


SUMMARY 


The comparative budget estimates and the percent of total for each pro- 
gram area under basic research grants and contracts are shown on the follow- 
ing table: 





Obligations 
| | Increase (+) 
| Actual, | Estimate, | Estimate, or 
| fiscal year | fiscal year | fiscal year | decrease (—), 
1959 | 1960 1961 | fiscal year 
| | 1961 over 
| 1960 


| 
Biological and medical sciences_...............- | $19,805,483 | $24,405,177 | $28, 150, 000 
Mathematics, physics, and engineering sciences: 


+$3, 744, 823 


ae _| 22,985,407 | 31,488,842 | 39,400,000 | +7, 911, 158 
Weather modification...................... 0 2, 000, 000 2, 000, 000 | 0 
EL, TN Bg ME Bin Seti nersreeninine 22, 985, 407 33, 488, 842 41, 400, 000 +-7, 911, 158 
Ie | 2, 305, 903 | 7, 248, 097 | 5,500,000 | —1, 748,097 
Social sciences research program _............-- 853, 366 1, 925, 000 3, 750, 000 +1, 825, 000 
ae i Le ae 45, 950, 159 67, 067, 116 78, 800, 000 +-11, 732, 884 
Percent of total: | 
Biological and medical sciences___._.._____- 43.1 | 36.3 | el oe re 
Mathematics, physics, and engineering | 
sciences: i } i 
ES ea re ee ee | 50.0 47.0 eee Bod oeweoeeel 
Weather modification.................. oJ 3.0 | Os eo ee 
eet ES Su cccickdec ii 0 50.0 et to dddn acme niced 
ann mene = FS i ok es | 5.0 | 10.8 | Be Bh2tokeck 
Social sciences research program .__......... | 1.9 2.9 | 1.8 | 
I citi eitlimcdines a i i a | 100. 0 100.0 | 100. 0 


The increase of $11,732,884, or 17.5 percent over the fiscal year 1960 level of 
$67,067,116 for basic research is predicated on continued increases in the num- 
ber and dollar value of requests for research support received in the Founda- 
tion. Notwithstanding the fact that in no year has the Foundation been able 
to support more than 37 percent of the total dollar value of research proposals 
received, the requests for support continue to increase markedly from year to 
year. The following table shows the annual rate of growth in the dollar volume 
of proposals received, grants awarded and the percentage of support provided: 
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Dollar volume of basic research proposals received and grants awarded in the life, 
physical and social sciences 


{In thousands] 





Dollar Percent of Dollar Percent of Percent of 
amount of increase amount of increase total dollar 

Fiscal year proposals from prior grants from prior value of 
received year awarded year proposals 


supported 


— - - - — — | 





EES EREES Bi Lek 904 908 ta ts 62000 bus 2. inka 32.2 
SE. bs eiuanoumacnbospdene 36, 944 49 9, 492 19 25.7 
1957. ---------------------------- 58, 209 58 14, 979 58 25.7 
Oe oe sre iE thse Sees tea 93, 392 60 18, 630 24 19.9 
ON ss soak Liecose cdi oeblopeik 123, 438 32 43, 644 134 35.4 
re Sct eben ht leita tanaesalebie’ 157, 000 27 57, 819 32 36.8 
ll dcutiitianemmenenapdtihmgetinet 190, 000 21 71, 300 23 37.5 





Note.—This table does not include weather modification program or antarctic research. Fiscal years 
1960 and 1961 are estimated. 


The basic research supported through the Foundation’s research programs 
covers the total range of the life physical sciences and several of the principal 
areas of the social sciences. The principal investigators are individuals of 
recognized professional competency, or young scientists who have ably demon- 
strated the capacity to conduct research in their chosen field. Applications 
for support received in the Foundation are reviewed in the program area appro- 
priate to the scientific field involved. Following review and evaluation of pro- 
posals by outside qualified scientists, the National Science Foundation awards 
grants to those investigators whose proposals are considered to have the great- 
est scientific potential. 

The constantly increasing dollar volume of proposal receipts is a strong 
indication that sufficient support for basic research is not available from non- 
Government sources. Because recognition must be given to the vital import- 
ance of continued increases in the Nation’s basic research efforts, the Foundation 
believes it has a responsibility to request increased appropriations to provide 
support for the increasing dollar value of research proposals received. It would 
be the ultimate in inconsistency to promote improved education in the sciences 
and at the same time fail to provide research funds for trained investigators. 

The total amount of $78,800,000 requested is a large and significant sum, yet 
it is estimated that the amount will provide support for only about one-third of 
the total dollar value of proposals received. Many competent scientific investi- 
gators who are not supported by the Foundation find it necessary to curtail their 
basic research efforts or possibly to turn to other areas of scientific endeavor. 
As a consequence, much basic research is delayed or lost. Basic research should 
not be regarded as a commodity that is subject to the law of diminishing returns. 
It is a commodity that will be in constantly increasing demand as long as we 
strive for progress in science. 

The cost of conducting basic research is increasing from year to year and is 
a factor which must be considered in this request for increased funds. Salaries 
are higher, modern equipment is more expensive and the costs of supplies, travel 
and other expenses related to research projects continue to increase. The effects 
of this increase in the cost of doing research are twofold. First, individual re- 
quests are larger, which tends to reduce the number of grants the Foundation 
can award unless there is a corresponding increase in the research funds ap- 
propriated. And secondly, the increasing costs of conducting basic research, 
with its inherent uncertainty of productivity, tend to encourage private fund 
sources to gravitate toward applied science support where the possibility of a 
return on investments appears more likely to occur. The end result of this 
diminishment of private capital is an increase in the demand for Government 
funds for basic research. 
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An indication of the rate at which the cost of conducting basic research has 
increased may be ascertained in a review of the experience of the Foundation 
since fiscal year 1958. The value of the average research grant in fiscal year 
1958 was $17,200 and in fiscal year 1959 it was $25,900. It is estimated, based 
on actual experience through September 1959, that the average research grant 
in fiscal year 1960 will be about $30,500. The amount will probably increase to 
about $34,500 in fiscal year 1961. During the same fiscal year 1958 to fiscal year 
1961 period the average value of the research proposals received will increase 
from $34,700 in fiscal year 1958 to an estimated $45,000 in fiscal year 1960 and 
to $50,000 in fiscal year 1961. 

Another factor which accentuates the need for larger research appropriations 
is the increasing number of requests for renewed support being received from 
investigators who have received Foundation support previously. While renewal 
requests are carefully reviewed in competition with all of the proposals received, 
they are usually granted continued support because of the established scientific 
value of the research that has been and will be conducted. As a consequence, 
with limited funds at its disposal, the Foundation is not able to support as much 
of the new research proposed as it should. Furthermore, a greater percentage, 
from 75 to 85 percent, of the amount requested is usually granted for renewal 
support, whereas about 50 to 60 percent of the amount requested is generally 
awarded new research applications. 

Over and above the production of valuable scientific knowledge, the Founda- 
tion’s research support programs make a significant contribution to the training 
of predoctoral and postdoctoral graduate students. Each grant, on the average, 
supports assistantships on a part-time basis for a number of graduate students 
and postdoctoral research associates. During fiscal year 1959, about 3,100 re- 
search assistants and 1,500 research associates received stipends as part of 
research grants. In fiscal year 1960, about 4,450 research assistants and 2,250 
research associates will receive stipends and training and during fiscal year 
1961 it is estimated that about 5,250 research assistants and 2,600 research 
associates will benefit from the research grants made. 

Included in the total amount requested are funds for the support of research 
in the Antarctic in the amount of $5.5 million and $2 million for the weather 
modification research program. 

Each of the basic research programs is explained in detail in the following 
text: 


Mr. THomas. You request an increase of $11,732,884 over last year. 
It brings you to a total of $78,800,000. 

The increase of $11,732,884, or 17.5 percent over the fiscal year 1960 level of 
$67,067,116 for basic research is predicated on continued increases in the num- 
ber and dollar value of requests for research support received in the Foundation. 

The significant part about this is the continued increase in the 
request for research grants. 

The following table shows the annual growth. Take a look at this 
chart, gentlemen; it begins with 1955 and goes through 1961. What is 
the total number of grants we have now? Do we have a list of the 
grants and the grantee and the subject matter involved? Will you 
put that in the record ? 

Dr. Waterman. We shall be glad to, Mr. Chairman. For 1960 
we will make an estimated 1,895 grants, and the estimate for 1961 is 
2,065. This includes the biological and medical sciences, mathemati- 
cal, physical, social science research, but excludes the Antarctic re- 
search program and the program weather modification. 


GRANTS AWARDED IN SUPPORT OF SCIENCE AND SCIENTIFIC MANPOWER 


Mr. Yates. The grants to which chairman referred and to which 
you are responding are listed in the document which is headed “Grants 
awarded by the National Science Foundation in support of science 
and in support of scientific manpower to universities and other non- 
profit institutions during fiscal year 1959.” 
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Dr. WatTeRMAN. That is right. 

Mr. Yates. How many have you made to date? 

Dr. Waterman. An estimated 1,895 in this category of research for 
fiscal year 1960. ae 

Mr. Yates. The document may go into the record at this point. 

(The document referred to starts on p. 44 ff.) 


BIOLOGICAL AND MEDICAL SCIENCES 


Dr. WaTeRMAN. Page 22 has subdivisions by subject. 

Mr. Yates. Put page 22 into the record. 

Dr. Waterman. Physical sciences are described similarly, follow- 
ing page 34—mathematical, physical, and engineering sciences. 

Mr. Yares. I think we should put pages 23, 24, 25, 26, 27, 28, 29, and 
30 into the record. 

I was thinking as I read this last night how very interesting some of 
these experiments are and how profitable they might be to somebody 
reading the record. 

Dr. WaTerRMAN. This is a very good summary. 

Mr. Yares. Let pages 21 through 33, inclusive, go into the record 
at this point. 

(The pages referred to are as follows :) 


BIOLOGICAL AND MEDICAL ScIENCEs, $28,150,000 





Obligations 
| ia Se ee 
| Actual, Estimate, | Estimate, 
1 scal year fiscal year fiscal year 
| 1959. | 1960 1961 
| 








Program total --- $19, 805,483 | $24, 405, 177 $28, 150, 000 





The biological and medical sciences program supports basic research by 
means of grants to all areas of the life sciences. It is estimated that research 
proposals totaling about $75 million will be received in the Biological and 
Medical Sciences Division during fiscal year 1961. This is an increase of about 
$10 million over fiscal year 1960 proposal receipts and is about $23 million 
over the fiscal year 1959 receipt level. The amount requested will enable the 
Foundation to support about 38 percent of the dollar value of the expected 
proposal receipt total. 





J - 

Actual, Estimate, | Estimate, 

fiscal year fiscal year | fiscal year 
1959 1960 1961 


Vane ol peopbenis reneiwid. .. ... .- .. <5 -5 sb ee | $52, 026, 100 $65, 000, 000 $75, 000, 000 





Value of proposals supported ossicles Scapa celeet edie Dial aiiato-d } 19,805,483 | 24, 405, 177 | 28, 150, 000 
Value of proposals not supported. ._....._.__-...-.-.-- _| 32, 220, 617 40, 594, 823 46, 850, 000 
Percentage of dollar value of proposals supported... ee aall 38. 1 37.5 37.5 





The table following shows the comparative level of proposals received and 
grants awarded in each of the program areas of the biological and medical 
sciences, 

The increased number and the increased total dollar value of proposals to 
conduct research received in the biological and medical sciences result from 
a number of factors. First, and fundamentally, there is a continuing increase 
in the number of requests coming both from younger scientists who have been 
supported under various training programs as well as new requests being re- 
— from established scientists who have not had Foundation support in 

e past. 
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66 
Dollar value of research proposals received and grants awarded by program and fiscal 
year 
PROPOSALS RECEIVED 


[In thousands of dollars] 





Actual, Actual, Actual, Estimate, | Estimate, 
Program fiscal year | fiscal year | fiscal year | fiscal year | fiscal year 
1957 1958 1959 1960 1961 
Developmental 1 omsndielionehen a buen $1, 669 $2, 578 $3, 287 $4, 100 $4, 700 
Environmental ‘ 2, 671 3, 776 5, 075 | 6, 300 7, 300 
Genetic oon os Se 1, 864 3, 323 4,150 5, 200 6, 000 
Metabolic se : =z nt 0 5, 907 6, 495 8, 100 9, 400 
0 SS EES eS =) 6, 021 6, 11, 506 | 14, 300 16, 600 
Psychobiology 8 2, 606 3, § 4, 196 5, 300 6, 100 
Regulatory __- 4, 961 6, ! 7, 957 | 9, 900 | 11, 500 
Systematic__..........- 2, 821 4, 5, 136 6, 400 7,400 
Se ae eae 4, 577 < 4, 224 5, 400 6, 000 
Total pe be stwhdeuihl 27, 190 40, 203 52, 026 65, 000 75, 000 
GRANTS AWARDED 
| 

Developmental Sa Pees Se ent $385 $604 $1, 436 $1, 757 $2, 000 
Environmental a | 764 953 2, 312 2, 880 3, 300 
Genetic___.._- ai ; : 644 711 1, 695 2,074 2, 400 
Metabolic. ___ Ss 28 an 0 1,311 3, 073 3, 758 4, 400 

Molecular_____ ae . | 1, 753 1, 438 3, 966 4, 857 | 5, 7! 
Psychobiology_..__._._- l. <}s at 777 96S 1, 501 1, 928 2, 100 
Regulatory__._.__- ae - 1, 763 1,075 2, 491 3,051 | 3, 500 
Systematic____ eae } 697 1, 036 2, 437 2,977 | 3, 500 
General... sini ‘ ‘ 577 444 8O4 1,123 1, 200 
a to. 2 8 | 7, 360 8, 540 19, 805 24, 405 28, 150 

Percent of dollar value of proposals | 

awarded grants Tai rhs cscegaillonsinicliwestainciet 27.0 21.2 38. 1 37.5 37.5 


Another impetus to the increase in applications for research support is a 
broadened interest in research relating to outer space. While the major re 
sponsibility relating to research on problems of space rests with other govern- 
mental agencies, the Foundation is responsible for fundamental studies which 
have no obvious or immediate technological applications. Another aspect of the 
erucial role played by the environment in influencing biological events is re 
flected in an increasing interest on the part of biological scientists (stemming 
to a considerable extent from IGY activities) in biological oceanography. A 
recent report by the NAS-NRC Committee on Oceanography stresses the in- 
creasing role that marine biologists must play in the general field of oceanog- 
raphy—a scientific field which has been very much neglected in the United States. 
The volume of research applications in this area of biological science has 
increased sharply in the last 2 years. 

One other aspect of the increasing dollar workload in proposals relates to 
longevity of research grants. Prior to this time, it has not been possible to 
provide long-term support for many research projects, the average life of a 
grant being approximately 2.5 years in fiscal year 1959. It is hoped that in 
fiscal year 1961 an appreciably greater number of 5-year grants will be ree- 
ommended. In so doing, better continuity of research support will be provided. 

The most significant feature of the continuing increase in proposal receipts 
is the concurrent increase in the number of applications for continued support. 
Although each proposal from whatever source is considered on its individual 
merit, applications for continued support represent somewhat special cases 
in that having gone through rigorous prior screening, they are usually recom- 
mended by advisers for full support in contrast to partial support normally given 
initial requests. This trend, which is increasing each year, plus the fact that 
the cost of research is increasing, tends to reduce the availability of free funds 
for the support of investigators requesting National Science Foundation support 
for the first time. To illustrate the effect increases in renewal applications 
have had and will probably continue to have on program funds, fiscal years 
1958 and 1958 experience can be recounted. 

During fiscal year 1958, 25 percent or $10 million of the total applications 
for support received were renewal requests. Almost 40 percent of total pro- 
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gram funds were used to provide 35.3 percent of the $10 million requested. 
During fiscal year 1959, 31 percent or $16.2 million of the total proposal receipts 
were renewal applications. Almost 50 percent of total program funds were 
expended to provide 61.9 percent of the amount requested. It is anticipated 
that this trend will continue and that during fiscal year 1960, 60 percent of 
total program funds will be granted to support renewal requests and that this 
percentage will grow to about 72-75 percent in fiscal year 1961. Thus, less than 
25 percent of the total dollar value of grants made in fiscal year 1961 will be in 
support of new requests, which will probably total about $37 million during 
that year. 

Basic research in the biological and medical sciences is aimed in the most 
general sense at an understanding of living matter, both plant and animal. The 
research interest currently evident within Foundation programs range from 
investigations into the structure of living tissue at the submicroscopic level, 
including studies of how various molecules might have combined to result 
in the origin of living matter; research on the mechanisms controlling reproduc- 
tion, growth, and development; research on the nature of the genetic material 
and how it functions; investigations into the influence of environmental factors 
as they affect biological systems; research on the functioning of organs and organ 
systems; studies of the behavior of organisms, both aninmral and human; and 
research on the relationships within and between various levels of organisms, 
both plant and animal. 

Organizationally, the Biological and Medical Sciences Division has “programs” 
covering eight areas: molecular biology, genetic biology, developmental biology, 
metabolic biology, regulatory biology, environmental biology, psychobiology, and 
systematic biology. These programs, taken together, encompass the spectrum of 
basic biological and medical science. As proposals are submitted to the Division 
they are assigned to the most appropriate program for administrative handling, 
with complex proposals that cut across several areas being handled as divisional 
responsibilities. The primary aim of this organization is to insure that all basic 
biological and medical research problems which are submitted to the Founda- 
tion will be given adequate consideration. 

Characteristically, support of basic biological and medical science is provided 
by grants for the support of research (ranging from relatively narrow project- 
type grants to very broad programmatic grants), grants for the support of sym- 
posia and conferences, grants in support of research by advanced graduate stu- 
dents and medical students during the period of thesis work and during free 
summer periods, and the support of travel to international congresses, Grants for 
the support of research and collateral activities are generally administered 
through the use of advisory panels. Although final responsibility for recommend- 
ing support of a given activity rests with the appropriate program director, he is 
assisted in arriving at his recommendation by the advice of outstanding biological 
and medical scientists who comprise the advisory panels. Panels meet regularly 
three times a year to review research and other types of applications and, when 
deemed necessary and desirable, panel evaluations are supplemented with ad- 
ditional reviews by ad hoc referees. 

Without describing in complete detail the substance of the research support 
program, fiscal year 1961 will see the continuation of support of studies on 
physical properties of biological systems, including such areas as photobiology 
and bioenergetics. Continued support also will be given to genetic studies on 
all kinds of animals, plants, and microorganisms. In the study of metabolic 
processes within the cell, grants will support work on all varieties of living 
organisms, animal, plant, and microbial. Research in the realm of develop- 
mental biology will continue to center around the physicochemical basis of 
cell division, growth, and tissue transformation which are involved in growth 
and development. In environmental biology, unquestionably there will be ex- 
panded interest in research on the gross effects of biological, physiological, and 
chemical conditions which impinge upon the activities, interrelationships, dis- 
tribution, welfare, and the physiological systems of individual organisms and 
populations of organisms. This area of research, of course, will relate to 
current emphasis being given to problems of the organization and maintenance 
of life in exotic environments, such as might be expected in outer space. At 
the level of organ and organ-system function, the Foundation will continue to 
Support research on fundamental physiological processes, as well as on studies 
of the physiological and neurological mechanisms underlying hehavior. Lastly, 
in a most fundamental area of biological science, the Foundation will continue 
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to support long-range studies of speciation and the evolution of complex patterns 
of animal and plant life. 

To turn from the general dimensions of the Fundation’s projected activities 
to specific highlights of its current program, the following project descriptions 
will serve to illustrate some of the exciting work being supported in the bio- 
logical and medical sciences by the Foundation. Perhaps the most baffling 
problem in biology is the origin and fundamental nature of life itself. Cer- 
tainly one of the most exciting accomplishments of 20th century science would 
be to delineate the conditions which were necessary for the origin and mainte 
nance of life. There are several conflicting scientific views with reference to 
the conditions required for the origin of the most simple living system. One 
hypothesis is based on the assumption that the first living organisms were 
similar in character to the simplest organisms still found on the earth. As a 
test of such a hypothesis, the major problems are to synthesize the building 
blocks which are presumed to comprise living material at the most basic level 
and to further complicate these primitive materials through successive organi- 
zational levels to a point where the material is capable of self-duplication. 

Working along such lines, Urey and Miller have demonstrated that amino 
acids can be synthesized by the action of a spark discharge occurring in a 
mixture of methane, ammonia, water, and hydrogen. These gases are thought 
to have been essential and plentiful components of the atmosphere of primitive 
earth. Miller has further demonstrated that amino acids and peptides can 
be synthesized by ultraviolet light acting on methane gas dissolved in an appro- 
priste aqueous solution. The Foundation is continuing to support the work 
of Miller at Columbia University in experiments aimed at determining whether 
various types of phosphates, treated in appropriate ways, may be involved in 
the synthesis of more complex organic compounds. 

The Foundation is also supporting the work of Dr. Sidney Fox at Florida 
State University, which is directed toward studying the simplest forms of 
living material. In earlier work, Dr. Fox showed that certain amino acids 
were present in disproportionately large amounts in simple forms of protein 
(polypeptides) and in the mixture of free amino acids found in the sap of 
green plants and in the body fluid of animals. He also demonstrated that 
these amino acids were “transfer agents’ for nitrogen atoms. From this 
work, it was postulated that an excess of two amino acids, glutamic and aspartic 
acid must be present for the formation of the simplest of living material. By 
further work along this line, proteins have been synthesized which show many 
of the properties of natural protein, especially as regards similar molecular 
weight solubility and acceptability as substrate by bacteria. The Foundation is 
continuing to support Dr. Fox in his further investigations of the synthesis 
of protein and its modification to form more complex biochemical derivatives. 

Also at the molecular end of the biological spectrum, one of the most sig- 
nificant scientific endeavors currently being supported by the Foundation is 
that of Dr. S. E. Luria at the Massachusetts Institute of Technology. Dr. 
Luria’s maior research interest is in the molecular aspects of the organization 
and functioning of viruses, one of the most simple forms of living matter. 
Dr. Luria is investigating the mechanism whereby the genetic material from 
viruses enters bacterial cells and is incorporated into the bacterial chromo- 
somes, later to control specific cellular functions through the association of 
the virus material with the bacterial genes. On the basis of work to date, it is 
possible to define the time and site of the primary event that gives rise to the 
new genetic complex and to analyze the cells in which the primary events occur. 
Thus, both the molecular structure and the function of virus genetic elements 
may be studied at various stages of their evolution in the recipient bacterial 
cells. Eventually, Dr. Luria hopes to extend his research to the study of virus 
infection of mammalian animal cells, If successful, this program of research 
will result in a more fundamental understanding of the genetic material of 
cells, as well as of the processes of virus infection and transmission. 

Dr. Luria’s work ilustrates how one moves in basic biological research from 
studying molecular structure to investigating fundamental biological functions 
which are linked to molecular structure. This point is also illustrated in cer- 
tain genetic research supported within the Foundation’s grant program. Before 
discussing such work it might be well to define some basic concepts underlying 
research in biochemical genetics. Somewhat oversimplified, these assumptions 
are: (1) That all biochemical processes in living organisms are under genic 
control: (2) that these complicated biochemical processes may be broken down 
into a series of simple individual steps; (3) that each step is controlled by a 
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single gene function, and (4) that mutation of a single gene alters the ability 
of a cell to carry out a particular primary chemical reaction. In short, the 
underlying notion is that each gene controls the production, function, and 
specificity of some chemical product within the functioning organism. 

An important program, currently being supported by the Foundation, which 
is oriented toward solving the problem of how genes act to control the metabolic 
(biochemical) activities of cells is that of Drs. Charles Yanofsky and Irving 
Crawford of Stanford University, who have described a genetic system which 
may lead us very close to an ultimate understanding of the relationship be- 
tween the fine structure of genes and the biochemistry of the cell. They have 
mapped a series of changes (mutations) within a particular gene which controls 
the production of a specific enzyme protein (the enzyme which catalyzes the 
synthesis of the amino acid, tryptophan) in the bacterium, Escherichia coli. 
Mutation at any point within this gene may cause loss of the enzyme activity 
of the protein. In some cases, although much of the specific enzyme activity is 
lost, an altered protein can be detected by immunological techniques; in other 
cases, no related protein is formed. In either case, it is possible to produce reverse 
mutations in the gene, so that the enzyme activity and other characteristics 
of the protein are fully or partially restored. Thus, they now have a large 
series of proteins, including the original active protein, proteins produced by 
mutated genes and which are inactive as enzymes, and another series whose 
activity has been partially or fully restored by a reverse mutation. They are 
now determining the amino acid sequence in each of these proteins so that they 
ean correlate differences in amino acid sequence both with changes in enzymatic 
activity and with a map of the mutation sites in the gene. With such a knowl- 
edge of the correlation between the fine structure of the gene, the type of enzyme 
produced and the chemistry of the cell, it may eventually be possible to modify 
cellular metabolism directly by changing the gene itself or by externally con- 
trolling the synthesis of its product. 

In the area of metabolic biology the Fonndation is supporting a significant 
project, under the direction of Dr. Bernard Davis at Harvard University, aimed 
at understanding basic physiological and metabolic processes at the cellular 
level. Dr. Davis and his coworkers are using an interesting “mutant” tech- 
nique in their studies. It is possible to secure bacteria (mutants) which can- 
not form certain essential metabolites from the relatively simple compounds 
absorbed from the surrounding media because they lack the ability at some 
stage of the complex multistepped path of synthesis to go ahead to the next 
step. The addition of the deficient substance or enzyme permits the cell to 
proceed with the synthesis of the metabolite. Various mutant strains can be 
developed, each of which stops at a different step; these can be used to map 
the synthetic pathway step by step. Dr. Davis, by this means, is studying the 
transport of various substances into cells, particularly in relation to why the 
cell can absorb certain substances in relatively large quantities while, at the 
same time, excluding other not-too-dissimilar materials. The transport appears 
to be effected by means of chemical “carriers” located at the cell wall which are 
specific for those materials absorbed. However, little is known regarding how 
these operate, whether they bring about a true chemical change, or whether 
they merely attach themselves to the material and shuttle it across the cell wall. 
His group is also mapping the biochemical pathway by which sulfur is con- 
verted from the inorganic to the organic form which functions to promote 
growth. In addition, they are clarifying the various steps by which carbo- 
hydrates are used in the cell. These problems are basic to the metabolism of 
all living organisms, but can be best studied in such microscopic forms of life 
as bacteria which reproduce so rapidly that huge numbers can be cultured and 
subjected to varied experimental conditions in a relatively short period of 
time as compared with large, multicellular plants or animals. 

A basic problem in developmental biology is that of growth control and regu- 
lation. Growth during normal development is more than an overall increase 
in size: it involves also an exquisite regulation of the relative growth rates of 
individual tissues and parts. The end result is a correctly proportioned body 
with a harmonious balance of different tissue elements. Since growth is basically 
a matter of protoplasmic synthesis and cell division, the governing mechanisms 
must operate at these levels. The growth mechanisms and processes not only 
operate harmoniously to bring about development: they are also held in check 
when adult dimensions are attained. An escape from the latter restraint is 
one of the features of the cancer process. The Foundation supports many 
studies of growth regulation in both plants and animals. Illustrative is the 
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work of Viktor Hamburger and Rita Levi-Montalcini in the Department of 
Zoology at Washington University in St. Louis. These investigators have dis- 
covered that certain mouse sarcomas contain a diffusible agent which strikingly 
stimulates the growth of spinal and sympathetic ganglion cells in the develop- 
ing chick; other cell types are unaffected. A factor with similar effects can 
be extracted from salivary glands of rodents, and from reptile venom. The 
venom factor has been identified as a protein and has been shown to stimulate 
the synthesis of nerve-cell protein. The physiological significance of these 
growth-stimulating factors is being attacked on a broad spectrum. The out- 
come cannot yet be predicted, but the potentialities are great. 

A highly controversial subject among biologists for more than a quarter of a 
century has concerned the possibility that certain environmentally induced 
qualities may be “inherited” temporarily by plants and animals. Lack of ade- 
quate environmental control facilities has prevented until recently an accurate 
quantitative estimation of the validity of this phenomenon in higher plants, 
Drs. Sterling Emerson and Frits Went of the California Institute of Technology, 
working under the auspices of the Foundation, have obtained preliminary evi- 
dence indicating that both growth habit and growth rate of certain plant 
strains are quite markedly affected by the temperature conditions that obtained 
as mnuch as three generations earlier. The polen evidently acts as an agent for 
the transmission of these effects. Associated with these findings are other 
data which indicate strongly deleterious but reversible effects on growth when 
the plants are subjected to constant temperature conditions for several genera- 
tions. NSF support is enabling these investigators to continue their studies in 
an effort to determine the magnitude and details of these environmental effects 
and, possibly, to delineate the genetic or physiological mechanisms by which 
the plants respond to such influences. The results of the work can have far- 
reaching implications for our understanding of the basic biology of hereditary 
processes. Certainly the applied uses of such information would be exceedingly 
great in the fields of plant and animal breeding and of crop production. 

We have been describing problems and projects of interest to basic biological 
and medical scientists at the molecular, cellular and developmental levels in 
order to illustrate various research approaches at these levels. There are 
equally fascinating and challenging problems at the level of integrated organ- 
ismal functions. For example, an apparently universal characteristic of animal 
forms is the ability to orient themselves in space and time by means of mechan- 
isms which can most simply be described as “biological clocks.” The essential 
feature of these mechanisms is that they allow orientation of organisms with 
reference to time and space in much the same manner as manmade systems. 
Amphipods, for example, possess a “biological clock” which responds to elevation 
of the sun, from which they get the cues initiating their vertical migrations. 
There is other evidence which indicates that certain forms have multiple 
rhythms interacting with each other simultaneously in different frequencies so 
that “rhythm mixing” results in new cycles. Some of these “biological clocks” 
are triggered by temperature stimuli, whereas others may be linked to different 
environmental cues such as light stimulation or moisture stimulation. It is 
obvious that these most effective integrative orientation systems require the 
support of information storage and retrieval systems which are related to a 
time mechanism. It is also clear that a great many cyclic events in the en 
vironmental interrelationships of organisms occur and are stored over extended 
periods of time. In short, timed stimuli apparently can be stored in organisms 
at primitive levels. However, we are still relatively ignorant about the evolu- 
tion of such systems within organisms from lower to higher levels and from 
general modalities to highly discriminating sensory organs within any one 
organism. 

The Foundation is supporting research in several laboratories in the country 
in the general area just described. For example, Dr. Colin Pittendrigh at 
Princeton University has one of the outstanding laboratories in this field 
His program of research is comparative in nature in that the organisms being 
investigated include a relatively complete range from mammals to fungi and 
algae in the plant kingdom. Dr. Pittendrigh’s working hypothesis assumes that 
all organisms are capable of time measurement in that their “clocks” have a 
common and ancient basic mechanism. This basic element is an oscillatory 
system with a natural period evolved to match, approximately, the earth’s rota 
tion or its annual circling of the sun, and interacting with the revolution of our 
moon around the earth. As an example, one of the best known biological 
rhythms is that of the daily periodicity of the onset of running activity in small 
rodents. An analysis of this periodic system has shown that the hamster “clock” 
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has an error that does not exceed minutes in 24 hours in its activity pattern. 
Within limits such patterns of activity may be modified in various organisms 
by appropriate techniques, but it has also been demonstrated that there are 
limits beyond which these systems may not be violated without causing great 
stress and eventual death to the organisms involved. 

In considering such problems as that of biological “clocks” it is obvious that 
they a e of importance in and of themselves. However, an interesting contri- 
bution is being made from such fundamental biological research to the develop- 
ment of storage and detrieval systems relating to communication technology and 
to the advancement of space technology. That various flying, terrestrial, and 
aquatic animals exhibit abilities to sense direction, to discriminate time periods, 
and to integrate such cues is directly relevant to the development of new con- 
cepts in mechanical and electronic analogs. 

In contrast to research aimed at such primitive mechanisms of integration as 
illustrated by work on “biological clocks,” the Foundation is supporting research 
on what is perhaps the most complex and highly evolved integrative mechanism 
to be found in living matter, namely, the mammalian central nervous system. 
What we as individuals know of the world about us and what we experience is 
largely determined by as yet poorly understood processes occurring within and 
among the nerve cells within our bodies. Incoming sensory information flows up 
the peripheral nervous system from several varieties of sense organs into the 
central nervous system and out again, transmitting “instructions” of various 
sorts. Although relatively little is understood of this system, the study of the 
structure and function of neutral tissue has been an area of important research 
for several years. Among the things which are known of the nervous system 
is that nervous impulses are in some respects similar to electric impulses. What 
we hove yet to learn essentially concerns an elaboration of this basic dicovery. 
Research on the nervous system which is being supported by the Foundation 
is of a wide variety, encompassing studies of the nature of the nerve impulse 
(Mauro, Rockefeller Institute, New York), the structure and function of nerves 
and fibers (Wright, University of Florida), the nature of composite nerve impulses 
(Austin, University of Oregon), and specialized work on specific nerve fibers 
such as is illustrated in the visual system (MeNichol, Johns Hopkins). 

Recent advancements in the technology of electrode implanation and recording 
have permitted research on the role of the nervous system as a whole, in the 
control of complex behavior, exemplified by psychomotor responses, emotional 
behavior, and social behavior. For example, the Foundation is supporting the 
work of Dr. John S. Stamm at the Institute of Living, Hartford, Conn., as well 
as work in other laboratories, the purpose of which is to study the neurological 
bases of various behavior patterns, including what occurs in the brain during 
the learning of simple response patterns. The research techniques involve direct 
electrical stimulation of cortical areas through electrodes implanted at various 
points in the cortex, used in conjunction with the establishment of simple 
behavior responses. From such work it has been demonstrated that specific 
motor responses may be evoked by direct stimulation of cortical areas. Complex 
responses such as yawning, sneezing, and licking also have been demonstrated 
by appropriate direct cerebral excitation. With animal subjects it has further 
been shown that emotional behavior (aggressiveness) can be elicited and modified 
by direct stimulation of appropriate brain areas. In short, such studies reveal 
that many aspects of integrated behavior can be elicited and modified by direct 
stimulation of the brain. Although the work is largely confined to primate 
subjects at present, several useful applications may be expected eventually, such 
as diagnostic assistance in certain forms of brain dysfunctions and perhaps the 
modification of more complex emotional disturbances 

Parenthetically, in discussing research on neural tissue, particularly on the 
metabolic aspects of nerve cell behavior, a generally little understood point 
might be clarified, not relating to the results of research but relating to a some- 
times held view that biological scientists do fairly queer things. We have been 
asked, for example, what possibly could be of interest to biological scientists 
in the behavior of fireflies. Now, such behavior has its own intrinsic interest, 
but it also happens that this phenomenon relates to the problem of nerve tissue 
maintaining its electric function for several hours when oxygen metabolism is 
inhibited by certain chemical processes, and energy sources other than oxida- 
tion must be used for cellular metabolism. In studying this aspect of nerve 
tissue metabolism, it has been discovered that one of the enzymes in the firefly 
light-producing reaction is useful as a detector for certain components of the 
nerve cell’s metabolism under anaerobic conditions. Thus, neurobiologists have 
found both a need and a use for the firefly in their research. 














72 


Departing from the laboratory, an area of research in the biological sciences 
which is of fundamental importance to the whole field is the problem of the 
systematic relationships between plants and animals. This general area is 
referred to as “systematic biology” and frequently is seen as being somewhat 
less glamorous than areas of experimental biology. In systematic biology most 
research is aimed at studies of groups of organisms for the purpose of identify- 
ing the particular group and determining the evolutionary relationship between 
it and other groups of organisms. The Foundation is supporting one very 
important large-scale research enterprise in systematics, a biological explora- 
tion of the so-called lost world of the Guayana Highland of South America. The 
importance of this area stems from the fact that it has been geographically iso- 
lated for millions of years and has had no biological influence either on or from 
surrounding areas. A recent expedition, supported by the Foundation under 
the direction of Dr. Bassett Maguire of the New York Botanical Garden, has 
discovered numerous types of plantlife which, because of this isolation, have 
developed forms which are not to be found anywhere else in the world. Another 
interesting aspect of the findings of this expedition is that no novel animal life 
was discovered nor any trace of any extinct civilization. This and other similar 
programs of biological exploration may be expected to yield much new informa- 
tion that will help round out the history of numerous plant and animal lines, 

Through the support of conferences and symposia, the Foundation also will 
contribute to the collateral support of biological and medical research. The 
annual Cold Spring Harbor Symposium is an excellent example of the kind of 
meeting supported by grants. Another typical case of conference funding is 
represented by the regional embryology conference held periodically at various 
points around the country under the auspices of the American Society of 
Zoologists. Such conferences make a special effort to encourage graduate student 
and junior investigator participation, in addition to making provisions for the 
attendance of one or two distinguished research investigators from distant 
geographical areas. 

Thus, through research support, through the training of graduate students, 
through the interchange of scientific ideas engendered by the support of con- 
ferences and symposia, and through the exchange of visits between U.S. scientists 
and those abroad, the National Science Foundation is contributing to the scientific 
enterprise of the United States. In the above examples, both the nature of 
and various approaches to basic biological and medical science have been pointed 
out. In so doing, an attempt has been made to differentiate between basic 
biological and medical science and research directed toward the commonly 
recognized products of applied biological and medical science which appear in 
such forms as antibiotics and hybrid corn. It should be remembered that all 
of these bighly glamorizing end products had their beginnings in some relatively 
obscure laboratory setting. 


Dr. Waterman. We have similar pages in the mathematical, 
physical, and egineering sciences, 37 to 44. 


MATHEMATICAL, PHYSICAL, AND ENGINEERING SCIENCES 


Mr. Yates. Put pages 34 and 35 in the record; and the data relating 
to those charts appears on pages 36 through 44. Those may go into 
the record, too. Those are descriptive of the work of the Foundation. 

(The pages referred to are as follows :) 


MATHEMATICAL, PHYSICAL, AND ENGINEERING SCIENCES, $39,400,000 


Obligations 


Programs totals $22, 985, 407 $ 


The Foundation carries out this program by making grants to universities, 
colleges, and other institutions for the support of research by scientists whose 
proposals are considered to be of high quality and significance. 


Mi 31, 488, $42 $39. 400. 000 
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It is expected that about $105 million in research proposals will be received in 
the mathematical, physical, and engineering sciences program in fiscal year 
1961. The expected proposal receipt total in fiscal year 1961 is $20 million, or 
23.5. percent above the fiscal year 1960 level. The rate of increase in proposal 
receipts from fiscal year 1960 to fiscal year 1961 is comparable to the annual rate 
of growth actually experienced by the Foundation through fiscal year 1959. 

In fiscal year 1961 the Foundation plans to support about 37.5 percent of the 
dollar value of the expected proposal receipt total. A comparison of proposals 
received, grants made, and the ratio of support planned from fiscal year 1959 
through fiscal year 1961 is as follows: 


| 
Actual, Estimate, | Estimate, 
fiscal vear fiseal vear | fiscal year 
1959 1960 | 1961 

Value of proposals received oe es ; 7 ee : | $66, 266, 631 $85, 000,000 | $105, 000, 000 
Value of proposals supported_-_.... - di kicadbdcedaaneceaie 22, 985, 407 31, 488, 842 | 39, 400, 000 
Value of proposals not supported paahiah aaa tia 43, 281, 224 53, 511, 158 65, 600, 000 
Percent of dollar value of proposals supported ____- — . 34.7 37 37.5 


The table on the following page compares proposal receipts and grants 
awarded in each program area for the period from fiscal year 1957 through fiseal 
year 1961. This table shows the relative constant growth in each of the pro- 
gram areas and the impact of the introduction of the increasingly significant 
disciplines of atmospheric science and oceanography as separate programs within 
the Foundation’s basic research support effort. 


MATHEMATICAL, PHYSICAL, AND ENGINEERING SCIENCES 


Dollar value of rese arch proposals rece ive d and grants awarde d by program and fiscal 
year 


PROPOSALS RECEIVED 


[In thousands of dollars] 





Actual, Actual, Actual, Estimate, | Estimate, 
Program fiscal year | fiscal year | fiscal year | fiscal year | fiscal year 
19:7 1958 19 9 1960 1961 
Astronomy . . ‘ $996 $3, 249 $4, 354 $6, 500 | $8, 500 
Atmospheric sciences 0 0 9, 793 6, 000 | 7, 500 
Chemistry 6, 667 12, 409 10, 342 15, 000 19, 000 
Earth sciences - ee : 4, 215 6, 741 8, 385 6, 500 | 7, 500 
Oceanograp"y 0 0 0 2 5,000 | 7, 000 
Engineering sciences 9, 457 10, 378 13, 449 18, 000 22, 000 
Mathematical sciences 2, 333 4, 358 8, 643 10, 500 12, 000 
Physics 3, 923 11, 845 11, 300 17, 500 | 21, 500 
General 2, 553 0 0 0 | 0 
Total. -_-- é file sodt 30, 144 48, 9RO 66, 266 85, 000 | 105, 000 
GRANTS AWARDED 
Astronomy $518 $1, 033 $2, 489 $3, 200 
Atmospheric sciences 0 0 2, 200 | 2, 700 
Chemistry 2, 232 2, 336 5, 600 7, 000 
Earth sciences : 771 1, 229 2. 300 2, 900 
Oceanography . 0 0 21,800 2, 700 
Engineering sciences 1, 356 1, 509 6, 600 8, 200 
Mathematical sciences : 933 1, 322 4, 000 4, 600 
Physics . 1, 380 2,107 5, 6, 500 8, 100 
General : 428 0G 0 0 0 
Total _.- - ; _ 7, 618 9, 536 22, 985 31, 489 39, 400 
Percent of dollar value of proposals 
awarded grants ae - jan 25. 2 19.5 34.7 37.0 37.5 


1 New program in fiscal year 1959: includes hoth atmospheric sciences and weather modification; weather 
modification is made a separate program in fiscal year 1960. 
2 Included in earth sciences in prior years. 
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The continuing increase in total dollar value of proposals received, which is 
expecied to continue through fiscal year 1961, results from a number of factors, 
which include the general growth in the level of research; a need to support a 
greater portion of the increased number of significant research proposals of 
large size now being received by the Foundation; and, a continuing increase in 
the average size of grants made. These factors are explained in the following 
paragraphs. 

The overall increase in proposal receipts reflects a general growth in national 
effort and capability in basic research. There is an increase in the number of 
young scientists capable of performing high quality basic research and in the 
scientific opportunities open to investigators. Further, there has been a partic- 
ularly rapid growth of research potential in oceanography and atmospheric 
sciences, as reflected by an allocation of about 15 percent of planned grant re- 
sources to these programs in fiscal year 1961. 

An increasing number of proposals of large size—over $200,000—is being re- 
ceived in the mathematical, physical, and engineering sciences; to date, the 
Foundation has had limited capabilities to support these larger proposals. A 
summary of the most recent experience for proposals and grants over $200,000 is 
as follows: 


1958 1959 
Proposals 
Dollar amounts $9, 685, 247 $19, 368, 504 
Percentage of dollar value of proposals received 19. 8 29.2 
Grants 
Dollar amounts $1, 198, 000 $2, 013, 700 
Percentage of dollar value of grants awarded... 12. 5 Rg 
Examples of large grants made in fiscal year 1959 are: 
a 
iit | Amount I k 
Atmospheric sciences: Research in cloud physic $383,700 | University of Chicag 
Oceanography: Study of deep ocean current systems 290, 00; Woods H Oceanographic In- 
Engineering sciences: Interdepartmental research on ionized BOW, OM M husett Institute of 
plasma. lecht 
Physics: Balloon monitoring of cosmic rays and solar pt! 359, 00 University of Minn 
nomena 
Physics: Research to extend the energy rat of « trostat 240, { Univer \ t 


accelerators 


In fiscal year 1961, the Foundation plans to develop increased capacity for 
award of grants of large size in conformance with the growing size and 
plexity of the many fields of research today 

There has been a substantial increase in average grant 


com- 


‘osts since fiscal year 
1956 in the mathematical, physical, and engineering sciences. This trend reflects 
in part the general increase in costs for this period, and particularly the require 
ment for a greater allowance for specialized research equipment which is in- 
creasingly necessary to perform modern research. From an average value of 
about $21,500 in fiscal year 1956, grants in this program increased to an average 
level of about $32,000 in fiscal year 1959. During this period the 
tion of grants made increased only slightly. 
will continue through fiscal year 1961. 


average dura- 
It is expected that this experience 


PURPOSE AND DIRECTION OF PROGRAM 


The entire program in mathematical, physical, and engineering sciences is an 
effort to increase our understanding of nature. In spite of the spectacular ad- 
vances made in science up to this time, it is safe to say that man has made very 
little headway in his effort to understand the physical world. Although the 
basic laws determining the forces between atoms are well established, much 
remains to be learned about their application to complex chemical materials, 
both those occurring naturally and those made by man. Although we have put 
nuclear energy to work in our technology, we have not yet reached a full under- 
standing of the forces between nuclear particles. The laws governing the new 
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elementary particles observed at extremely high energies remain a challenging 
mystery. In the atmospheric sciences, we are just beginning to understand 
clouds and precipitation mechanisms, atmospheric dynamics, and the structure 
of the upper atmosphere. The earth’s crust and its oceans present an endless 
list of problems not yet solved. Radio astronomy and the promise of observa- 
tions in outer space give us hope that a new era is opening up in man’s effort to 
probe the mysteries of the universe. Even in the more prosaic realm of engineer- 
ing sciences, where knowledge can be put to work as soon as it is gained, vast 
areas remain unexplored. For example, the general laws of heat transfer are 
known, but their application to complex engineering systems presents formidable 
difficulties. The same situation can be found at the frontiers of metallurgy, 
chemical engineering, and many other fields vital to our progress in technology. 

The course in scientific progress cannot be predicted accurately or planned 
in detail. Hence, it is always necessary to support research on a very broad 
front, remembering that great advances sometimes come unexpectedly, at times 
almost by accident. Increase in knowledge is the immediate goal of research, 
but experience has proven again and again that scientific knowledge gives man 
greater control over his physical environment and leads him inevitably to new 
technological developments. Science not only supplies information needed for 
specific problems, but much more importantly it opens up new opportunities 
which cannot be foreseen until the new knowledge is obtained. 

From a short-term point of view the number of research scientists is fixed, 
although increasing their number is a long-range goal of the Foundation. Hence, 
for fiscal year 1961 the objective of all Federal research support programs must 
be to make the individual scientist as effective as possible in carrying out his 
creative work. This can be done by providing him with adequate equipment, 
adequate assistance, and sufficient time to do his job. 

Mathematics is the basic language of the physical sciences. It is not usually 
recognized that many problems which we face in science and technology, includ- 
ing some at the forefront of our knowledge, are really mathematical problems. 
Such disciplines as mechanics, xerodynamics, hydrodynamics, electromagnetics, 
thermodynamics, quantum mechanics, relativity, and many others are as much 
mathematics as they are physics or engineering. Among problems of particular 
current interest many can be considered from a purely mathematical viewpoint ; 
e.g. calculation of satellite orbits, determination of the behavior of automatic 
control systems, prediction of shock waves resulting from explosions, develop- 
ment of hydromagnetic theory as a basis for energy production from hydrogen 
fusion. Furthermore, the problems which we face in these areas require the 
most advanced techniques available to modern mathematics. The continued 
development of mathematical theory is therefore essential for growth and prog- 
ress in science and technology generally. 

The great task of astronomy is to understand the universe by observing the 
radiations coming to us from stars and from material in interstellar space. 
Four major developments are now adding or soon will add greatly to the power 
of the astronomers’ observations. These are radio astronomy, observations 
from high altitude balloons, space vehicle observations, and image intensifica- 
tion by electronic means. Astronomy in the United States will be greatly 
strengthened as the two national observatories, the National Radio Astronomy 
Observatory at Green Bank, W. Va., and the Kitt Peak National Observatory 
near Tucson, Ariz., come into operation. In addition to its direct support of 
these observatories, the Foundation will support astronomers from all over the 
country in their use of these installations. High altitude astronomical observa- 
tions from balloons have been so successful using a 12-inch telescope that a pro- 
gram has been initiated to develop a remotely controlled 36-inch telescope for 
stellar and planetary astronomy. Space vehicles offer a unique opportunity for 
making observations free of atmospheric absorptions, and the Foundation is 
planning to support research by astronomers which looks toward utilization of 
such vehicles. 

Research in physics has emphasized the fundamental laws governing matter 
and energy in their relation to time and space. In recent years primary em- 
phasis has been on nuclear and elementary particle physics and on the physics 
of systems composed of many atoms, such as solids. Probably the most chal- 
lenging area of physics today is the study of events in the energy range above 1 
billion volts. The National Science Foundation plans to support university 
physicists working in this field, including many who will utilize high energy 
particle accelerators. Observations of cosmic rays provide a natural laboratory 
for studying events at energies much higher than those obtainable in the labora- 
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tory and present the physicist with a new mystery, that of the origin of cosmie 
rays themselves. The problems of many-atom systems range from supercon- 
ductivity and other poorly understood phenomena occurring near absolute zero 
to the study of magnetic and electrical properties of solids including semicon- 
ductors. The new field of plasma physics is an effort to understand how gases 
consisting of a mixture of electrons and atoms which have been stripped of their 
electrons behave in electromagnetic fields. This area is fundamental to as- 
trophysical problems and possibly will provide a basis for nuclear fusion tech- 
nology and new propulsion systems. 

In chemistry, much emphasis is placed on understanding the reaction me 
chanisms by which molecules are synthesized or interact with each other. This 
effort has been stimulated by increasing capability of quantum mechanical theory 
to predict and interpret molecular events. Of particular importance are reactions 
occurring under extreme conditions of temperature or pressure, or where inter- 
mediary materials, catalysts, play a decisive role in the reaction. Such research 
is of critical relevance to the synthesis of new useful materials and to the im- 
provement of industrial chemical processes and to problems of combustion and 
corrosion. In the field of organic chemistry, which deals with the structure and 
synthesis of carbon compounds, much of the effort relates to problems in mole 
cular biology and forms a basis for understanding chemical processes in living 
systems. At the same time, advances are constantly being made in areas which 
promise improved materials such as polymers and fuels. The field of inorganic 
chemistry is considered to be underdeveloped in this country, and efforts will 
be made to strengthen our position in this field. Vast areas remain to be explored 
in the chemistry of boron, phosphorous, and many other potentially important 
classes of materials. 

The atmospheric sciences program, established in fiscal year 1959, supports 
research on the atmosphere and its phenomena from the surface of the earth 
to outer space. Directed toward gaining a better understanding of the at- 
mospheric environment, composition, mechanisms, and interrelationships, the 
program will stress research on the physics of the upper atmosphere, energy ex- 
change processes, cloud physics and water substances, general atmospherie cir- 
culation and dynamics, and solarterrestrial relationships. It is planned to in- 
crease the fiscal year 1961 budget for the program over the fiscal year 1960 level 
in recognition of the expected growth of significant research in the field. 'The 
special program on weather modification is discussed separately in this document. 

The earth sciences program is concerned with the physics, chemistry, and his- 
tory of the solid and liquid parts of the earth. It thus embraces projects that 
range from field geologic studies to theoretical and experimental chemistry, from 
studies of earthquake waves and magnetism to the history and development of 
living organisms. Of all the various subdisciplines included in earth sciences, 
oceanography and seismology seem particularly in need of increased effort at 
this time and will receive additional emphasis in fiscal year 1961. The recent 
acceptance by scientists and nonscientists alike of the report by the Committee 
on Oceanography of the National Academy of Sciences is good evidence of the 
importance and lack of development in that field. The recommendation of this 
report to expand basic research in all aspects of marine seience is in good agree- 
ment with the desires and plans of the National Science Foundation. In fiseal 
vear 1960 a part of the budget of the earth sciences program was specifically 
set aside for oceanography, and this amount will be increased in fiscal year 
1961. 

Seismology, the study of earthquake waves, has recently assumed great im- 
portance in international affairs because of its potential use in monitoring 
underground nuclear explosions. A great deal more basie understanding is 
needed about the nature of earth vibrations and the structure and composition of 
the earth. Basic research projects to be supported will include high-pressure, 
high-temperature laboratory experiments and the development of techniques 
for using high-speed computers as well as extensive field studies using newer 
and more sensitive instruments. 

Engineering sciences research seeks knowledge that is directly needed in the 
design of new and improved technological systems. Programs in this field must 
be judged not only on their scientific promise, but on their potential value to 
technology. Just as there are frontiers in pure science, so there are frontiers in 
technology which require new research information as well as the creative 
synthesis of engineering development. All these frontiers are characterized by 
our having reached the extreme limits of existing techniques and materials. 
Challenging problems confront the engineer in many fields such as: structure, 
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propulsion, and navigation of space vehicles ; high-speed data processing systems ; 
improved reliability of electronic equipment; communication systems; control 
and automation of industrial production; application of nuclear energy to trans- 
portation and electrical power production; more efficient use and effective con- 
servation of natural resources. Basic research in engineering sciences does not 
solve these problems directly but rather provides the essential information and 
methods with which existing problems can be solved and new opportunities 
recognized. Engineering science must be understood as being more than an 
intensive study of certain problems in physics, chemistry, and mathematics 
selected because of their applicability to engineering design. It includes the 
scientific study of the complex machines and systems which have been developed 
for technological use, with the objective of understanding how such systems can 
be designed for maximum efficiency and reliability at minimum cost. The Na- 
tional Science Foundation program in engineering sciences is very broad and at- 
tempts to undergird and balance the national effort in this field, which is also 
heavily supported by Federal agencies having specific mission-related tech- 
nological objectives. 

As an indication of the types of research being supported by the Foundation, 
and as an indication of results obtained, examples of current significant projects 
follow : 

A cooperative effort between the National Institute of Oceanography of Eng- 
land and the Woods Hole Oceanographic Institute has resulted in the con- 
firmation of the existence of an ocean current underlying the Gulf Stream and 
flowing generally in the opposite direction. This current had been predicted 
on theoretical grounds, but its existence was unproved until the recent project. 
The research will be continued with Foundation support in an attempt to deter- 
mine the mean drift of these deep midocean currents in the presence of large 
irregular fluctuations. 

It is well established that developments in controlled nuclear fission are 
directly dependent on further basic knowledge of convection and boiling heat 
transfer mechanism. Heat transfer in chemically reacting fluids is encountered 
in chemical-process reactors and in such specialized fields as jet propulsion 
where missile aerodynamic heating is accompanied by dissociation of air. Dr. 
D. M. Mason of Stanford, working on heat transfer rates in chemically reacting 
fluids, has measured boiling heat transfer rates in reacting system of nitrous- 
oxide. Due primarily to the high thermal conductivity of the system, heat 
transfer coefficients with values 11-fold higher than those in air were observed. 
An extension of this work is the current study of a chemical system with known 
reaction kinetics behavior and physicokinetics which can be more readily sepa- 
rated from the role played by heat, mass, and momentum transfer processes. 

At the other end of the temperature scale, at very low temperatures some 
metals display abnormally high electric conductivity, or superconductivity, 
which is the vanishing of resistance near absolute zero. Encouraged by recent 
theories concerning the superconductive properties of metals, experimental 
physicists began to look for the presence of “energy gaps” in the superconducting 
region. Evidence for the “energy gap” has slowly built up in the last 2 years; 
most significant perhaps were the experiments of Doctors P. L. Richards and M. 
Tinkham of the University of California at Berkeley, in which they studied the 
absorption of infrared rays in thin films of superconducting metals. They not 
only discovered existence of the predicted “energy gap,” but were able to verify 
that the energy at which it occurred was in essential agreement with the theo- 
retical value. At Barnard College, Dr. H. A. Boorse measured the specific heat 
of metals in the superconducting state. His data also gave substantiating evi- 
dence to the presence of a gap in the energies of the superconducting electrons. 
These two experiments, taken together wth the theory, comprise a major ad- 
vance in our understanding of superconductivity. 

Martin Schwarzschild of Princeton University, with the assistance of a current 
National Science Foundation grant and the continued interest and support of 
the Office of Naval Research, made a series of observations from a remote bal- 
loon-borne, 12-inch telescope during the summer of 1959. A sequence of high- 
resolution photographs of the surface of the sun was made which indicated not 
only the shape of the polygonal convection cells, but also the manner in which 
these cells form and dissolve. Several small sunspots were photographed in 
much greater detail than ever previously attained. The filamentary structure 
of the penumbra was revealed and shown to change with time much more slowly 
than the granules. These flights were the first in which the pointing and 
focusing of the telescope was remotely controlled from the ground and in which 
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the field of view of the telescope was continuously monitored on the ground by 
television. It is expected that many of the techniques developed in connection 
with this project will find application in satellite and moon-based instruments, 

Work in weather modification in fiscal year 1961 will stress theoretical and 
analytical studies of the fundamental processes involved in the development of 
clouds and the precipitation mechanisms. This includes cloud physics, cloud 
chemistry, and cloud electrification. 


GRANTS AWARDED 


Mr. Tuomas. Did he give us a little preview on the number and 
types, et cetera, of the institutions? How many altogether do you 
have? 

Dr. Waterman. Last year, fiscal year 1959, 1,685 basic research 
grants. 

Mr. Tuomas. What do they average apiece, about $20,000 or 
$25 000 ? 

Dr. WarerMAN. About $25,000 plus. 

Mr. Tuomas. How long have these grants been going on and how 
many of them are continuing? Are they on a 2- or 3-year basis? 

Dr. Waterman. The average is a little under 214 years for the 
fiscal year 1959. 

Mr. Tuomas. How many are terminated at the end of 214 years? 
Are they all extended ? 

Dr. Waterman. There is a spread. That is the average. On re- 
newals we commonly renew in the two divisions roughly 75 percent, 
a little under that perhaps. We put renewal applications in com- 
petition with the new proposals that come in. 

Mr. Jonas. I had a question on that subject, Mr Chairman. 

Mr. Tuomas. Go ahead. 


INCREASE IN AVERAGE GRANT 


Mr. Jonas. I notice this average grant is increased to $30,500 in 
fiscal year 1960 over an average of $17,200 in 1958. What accounts 
for the increase in the average? 

Dr. WarerMAN. Increased costs, increased salaries, and increased 
length of contract or grant. 

Dr. Gross. Mainly on the length of contract, is it not? 

That is the one that extends the time of the grant. 

Dr. Waterman. Yes, but not entirely. The average duration of 
grants has eo increased from 2 years in 1958 to 2.26 years in 1959 

Mr. Jonas. I didn’t think there would be a substantial increase in 
cost. between 1958 and 1960. Actually, I thought costs had been 
rather stable during that period. 

Dr. Waterman. Universities’ salaries have had a lag there. They 
have been slow in increasing theirs so that now comes into the picture. 
They are still increasing their salaries in universities as they can. 
That has been a rather slow process. 

Mr. Jonas. That is pretty nearly a 100-percent increase in the 
average grant. 

Dr. Warerman. Yes. Equipment costs more because the general 
costs of equipment are higher and because specialized equipment 1s 
increasingly expensive. 

Mr. Jonas. This does not include equipment, does it? 
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Dr. Waterman. Yes. A grant typically is divided between costs 
of scientists and assistants working on it, and the cost of equipment 
and material which they need and sometimes costly instruments that 
they need to buy. All those are in the picture. 

Mr. Jonas. That is all. 


WEATHER MODIFICATION 


Mr. Tuomas. Weather modification. 
Put pages 43 and 44 in the record. 
(The pages referred to follow :) 


WEATHER MoprFicaTion, $2,000,000 








Obligations 
—_—— - - 7 weeees me ee } - ea erin } - 
Actual, | Estimate, | Estimate, 
fiscal year | fiscal year fiscal year 
1959 ! 1960 1961 
| 
I ne oc ns ee cat nein a aban en anee | 0 $2, 000, 000 | $2, 000, 000 








1 Included in basic research in fiscal year 1959. 


Public Law 85-510 of the S5th Congress established the responsibility of the 
National Science Foundation to take the lead in supporting and stimulating 
research aimed at achieving effective weather modification. 

Work in weather modification in fiscal year 1961 will stress theoretical and 
analytical studies of the fundamental processes involved in the development of 
clouds and the precipitation mechanisms. This includes cloud physics, cloud 
chemistry, and cloud electrification. 

Major emphasis will also be given laboratory and field experimental studies. 
Laboratory efforts will include the following: studies of condensation and freez- 
ing nuclei, analysis of cloud droplet formation and growth, and studies of elec- 
trical effects. Field work in fiscal year 1961 will include the gathering of 
data on naturally forming clouds and rain-producing clouds, and the carrying 
out of well-designed cloud-seeding experiments. Measurements of liquid water 
content, drop-size distribution, temperature, electrical charge, freezing particles, 
cloud circulation, ete., will be made. 

Research and development work on instruments and measurement techniques 
will also be carried on in fiscal year 1961 based on laboratory and field needs 
for specific instrumentation, 

To date, work on weather modification has caused much controversy, both 
among the general public and in scientific circles, centered around the question 
of whether experiments designed to modify the weather have actually led to 
cloud formation, additional rainfall, and other related results. 

Much of the controversy stems from a very real lack of fundamental knowl- 
edge of the basic physical processes of cloud formation, tornadoes, rain, fog, 
and other related natural phenomena and from our inability in the past to 
carry through well-designed, long-term field experimentation. While much of 
the evidence to date is inconclusive, there is a reasonable basis for predicting 
that some measure of long-range success in effective weather modification is 
possible. The potential scientific and economic gains of continued work is 
clearly worth the effort. 

The basic National Science Foundation approach to the problem is intensive 
work in the various fields required to develop detailed understanding of the 
physical processes involved, coupled with a program of field experimentation to 
test out and develop further knowledge. Some direct experimentation in cloud 
and weather modification will be included, with the proportion of such effort 
increasing as further knowledge is gained. The development and application 
of effective systems of weather modification must be regarded as a long-range 
program. 

An example of weather modification work now being carried on under an 
NSF grant, is the investigation of physics of clouds and of cloud modification, 
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by University of Arizona scientists. They have tentatively concluded that under 
the conditions of the test rainfall was increased on days in which seeding was 
carried out, and that many more lightning strokes were observed on seeded days, 

The weather modification program will be carried out by means of grants and 
contracts with colleges and universities, other private and public institutions, 
as well as by appropriate arrangements with other Government agencies having 
interests in the applications of research in this field. 

Mr. Tuomas. Dr. Wexler and Dr. Reichelderfer ask for $2 million 
for weather modification ? 


Work in weather modification in fiscal year 1961 will stress theoretical and 
analytical studies of the fundamental processes involved in the development of 
clouds and the precipitation mechanisms. This includes cloud physics, cloud 
chemistry, and cloud electrification. 

Who is doing this work? 

Dr. Waterman. A number of establishments. The Weather Bu- 
reau gets quite a bit of it. We also provide this money by grants 
to universities and research institutions. Again, this is a matter 
of making a selection of the best scientific work that is proposed. 

Mr. Tuomas. How much money was spent for research in weather? 

Dr. WarerMan. Overall this program includes $2 million. 

Mr. Tuomas. You have to give a little to Dr. Revelle in addition 
to this? 

Dr. Waterman. Yes, sir. That is under oceanography. 

Mr. Tuomas. That is part of the weather if you listen to Dr. 
Revelle. 

Mr. Jonas. You have not improved it any yet either, have you? 

Dr. WatrerMAN. To date, in fiscal year 1960, we have made $570,- 
400 in grants. 

Mr. THomas. Where are you going to spend this money, in how 
many institutions ? 

Dr. WATERMAN. We spend this in universities where this is their 
specialty—and those are generally the leading institutions that deal 
in meteorology. 

Mr. Tromas. How much did you have for this purpose last year? 

Dr. Waterman. I think it is the same amount, $2 million, Mr. 
Chairman. 

Mr. THomas. You did not have any in 1959. What part of this $2 
million for 1960 has been allocated or obligated ? 

Dr. WaTERMAN, $570,000. 

Mr. Jonas. I think you will find this was included in basic research 
prior to 1960. 1960 is the first time you have put it in as a separate 
program ¢ 
Dr. WaTerMAN. Yes. That is when we got the statutory author- 
ity. 

e - understand, of course, that our authority here is largely because 
it has been proven pretty thoroughly that to do anything with weather 
modification one has just got to understand the rain-forming, snow- 
forming process better. This puts it back in basic research, so that is 
our aim in the program. However, our support of meteorology and, 
support of work in the atmospheric sciences goes far beyond the 
weather modification item. We have already obligated $1,141,000 in 
fiscal year 1959 for that purpose in the broad field of the atmospheric 
sciences. We just earmarked the weather modification, you see, in 
line with our statutory responsibility. Then if you add the earth 
sciences to this picture, since they are closely associated with the at- 
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mospheric, that provides another quarter of a million, which we 
have already obligated in this general field. 


ANTARCTIC RESEARCH PROGRAM 


Mr. Tuomas. Antarctic research program. Put pages 45 and 46 
in the record. 
(The pages referred to follow :) 


ANTARCTIC RESEARCH PARAM: SS500009 





| | 

Actual, Estimate, Estimate, 

fiscal year fiscal year fiscal year 

195% } 1969 1961 
a a ‘ ancl Readinnstctiennapaiiaa nasi aint 
Program totals ae $2, 305, 903 | | $7, 248, 097 $5, 500, 000 
1 
| 


1 Estimated obligations in fiscal year 1950 include that portion of grant 
Government agencies from prior years appropriations which were not obligated by the receiving agencies 
as of June 30, 1959, in accordance with the sec. 1311 of Public Law 663 concept of obligations. These amounts 
were reestablished as obligations by the Foundation on July 1, 1959 (2,228,097). 


ind contracts made with other 


Funds requested for fiscal year 1961 will provide continuation of scientific 
research in the Antarctic at the fiscal year 1960 level and in addition, $1.5 
million for conversion of a surplus Military Sea Transport Service ice-working 
ship to a scientific research vessel. This will provide a capability for year round 
offshore operations which will permit important oceanographie Antarctic re- 
search for the first time. In addition, research will also be conducted on board 
ship in other areas such as meteorology, cosmic ray, ete. 

Scientific research is carried out in the Antarctic through support of a field 
group of Antarctic scientists comprising the U.S. Antarctic research program 
or USARP. This group of scientists consists of a winter season team which 
will be on duty in the Antarctic from October 1961 to March 1963, and a summer 
team of scientists in the Antarctic from October 1961 to March 1962. 

Inland traverses carried out by this group of scientists have proved invaluable 
to the efforts of all who seek to solve the scientific mysteries of the Antarctic. 
These traverses take place during the summer months of October through Febru- 
ary and involve five to seven men each. During the past 2 years traverse teams 
of the United States have covered 7,500 miles of inland ice with detailed obser- 
vations every 30 miles and elevation, gravity, and magnetic observations every 
4 miles. 

The Antarctic continental scientific stations and traverse routes of the 14 
nations participating in Antarctic research are shown on the map on the follow- 
ing page.* Not shown are stations located on islands beyond the coastal area 
but considered as part of the complex of polar stations. Certain planned future 
traverses are also shown; however, information on these plans by foreign na- 
tions is not eomplete. The following table indicates the stations operated by 
each nation with the area location. 


Table of stations by nations 


Antarctic Sub | Antarctic | Sub- 
area Antarctic area Antartic 
islands islands 
Argentina. __ 17 i New Zealand : ai OS. t. secal 
Australia 12 1 Norway ___- 1 
Belgium l Poland Bt. beua dee 
Chile 4 Union of South Africa ata } 3 
France. __..... 1 1 Trited Kingdom 7 1 
Italy : set 2 1 United States | 3 Saat. 
Japan 1 7 U.S.S.R ; { 


' Plus 1 with United States. 


‘Not printed. 
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Mr. Tuomas. Give us a httle explanation on this Antarctic research 
program. 

You had $2.3 million in 1959; $7.2 million in 1960 and you are re- 
questing $ 5.5 million for 1961. 

These amounts were established as obligations by the Foundation 
m 1959 with other Government agencies. Who is spending this 
money for you? 

Dr. Waterman. This is being spent by grants which are made to 
other Federal agencies, such as the U.S. W eather Bureau, the N ational 
Bureau of Standards, Coast and Geodetic Survey, Geological Survey, 
and also to universities where they enter into such matters. 

Mr. Tuomas. The U.S. Antarctic program has who mixed up in it? 
The Navy and Weather Bureau had a part in it, as well as the IGY, 
You wound up with the IGY. Why doesn’t the Navy spend their own 
money? They supply logistics for you, do they not ¢ 

Dr. Warerman. They spend their own money and are completely 
responsible for the logistic costs. 

Mr. THomas. Do you have two camps there or one ? 

Dr. Warerman. We have four all told: the main base and three 
separate se ientific stations. 

Mr. Tuomas. Give us a breakdown of the cost of $5,500,000. Has 
the Navy withdrawn its support’ Are you paying for all of it? 

Dr. Warerman. The Navy is paying completely for the operating 
costs. 

We are only paying for the scientific program, which means the 
instruments, salaries of scientists, et cetera, 

Mr. Tuomas. How many people are involved? You have had the 
instruments for 3 or 4 years. Why this $5.5 million. 

Dr. Waterman. Dr. Joyce? 

Dr. Joyce. Mr. Chairman, there are about 88 people involved in 
this present operation this year. The number will go up to about 
101 scientists next year and also about that number for the program 
we are requesting. This includes both winter and summer teams. The 
majority of these people are summer scientists. They go down in 
October and stay through the Antarctic summer, take part in geologi- 
cal exploration. 

Mr. Tuomas. How do you arrive at this figure of $5.5 million when 
the Navy is furnishing the logistics? They transport you there, 
feed you, and bring you back, do the vy not? 

Dr. WarerMan. The st: andard program in Antarctica costs $4 mil- 
lion and the Foundation is carrying responsibility for the Govern 
ment on the scientific program. ‘That amount, $4 million is the same 
as last year. 

The additional $1.5 million is for the renovation and outfitting of a 
vessel which can be used in the Antarctic for scientific research, largely 
oceanography, so the base figure remains the same as it was last year. 

The additional $1.5 million is to outfit this vessel. 

Mr. THomas. How much have you obligated or expended of your 
1960 funds for this project? You had about $7,200,000. 

Dr. Joyce. We only had $4 million, Mr. Chairman. 

Mr. Tuomas. But you had transferred funds to you. 

Dr. WaTerMan. These were funds left over from the previous year 
that, were not used ; is that right, Mr. Luton ? 

Mr. Lutron. Yes. 
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AMOUNTS OBLIGATED 


Mr. Tuomas. What part of your funds were obligated as of 
January 1¢ 

Dr. Joyce. About 75 percent of the funds available for each year’s 
program are obligated by the end of the year. The balance will be 
retained for reduction, observation, and analysis. 

Mr. Tuomas. Can't you give us a more exact figure than that? 

Does anybody have it ? 

Dr. WaTeRMAN. We can give you an accurate figure for the record ? 

Mr. Scuoen. We can put an accurate figure in the record. Of this 
$7.2 million, $214 million approximately, is for funds that were ob- 
ligated last year. In accordance with section 1311, this amount had to 
be deobligated at the end of the fiscal year, and then on July 1 they are 
reobligated, so that $214 million is really a bookkeeping transaction, 
required by section 1311 of the Anti-Deficiency Act. 

Of the bal: ance, of which there is about $414 million approximately, 
[ think over $3 million will be obligated by June 30. 

Mr. THoMas. At the end of fiscal year 1960 how much of that 
$7.2 million will be unobligated and unused ? 

Mr. Scuoren. About $1 million, I would say, sir. 

Mr. Tuomas. Is that a guess figure? 

Mr. Scuoen. That is a fairly good guess; yes, sir. Most of that 
is money that is required for data reduction and the c ompletion of the 
research when these teams return, during fiscal year 1961. 


ESTIMATED COSTS 


Mr. Tuomas. $2.3 million will be used for salaries, $1.3 million will 
be for scientific equipment. The Department of Defense will con- 
tinue to provide all logistics support. How much are they spending 
on the program? Do you remember? 
Put page 49 in the record. It gives us a table on this. 
(The page referred to follows :) 
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Estimated costs of Antarctic scientiflc program by fleld group and type of expense 





USARP-1960 fiscal | USAR P-1961 fiscal | USA RP-1962 fiscal 
| year 1959 year 1960 year i961 
_ screamed 
ie | . | : | 
Num- Num- | Num- | 
| ber of Dollar | ber of | Dollar ber of | Dollar 
per- amount per- amount per- | amount 
} sonnel sonne! sonnel | 
alniniien pom inntipentictrmely a ee |__| 2 cece sath 
Field gro p: 
Salaries and related costs | 
Winter team: | | 
U.S. stations 24 $710, 000 30 $930, 000 30 $930, 000 
Cooperative stations 13 400, 000 14 430, 000 14 430, 000 
Summer team, U.S. stations- 51 $20, 000 57 910, 000 57 910, 000 
Subtotal SS 1, 960, 000 101 2, 270. 000 | 101 2, 270, 000 
Equipment: | 
Field equipment:and s"pplies__- 520, 000 | 520, 000 410, 000 
Station equipment and supplies 1, 142, 000 1, 000, 000 870, 000 
Subtotal. _- 1, 662, OVO 1, 520, 000 1, 280, 000 
Total field group expense. ..-- 3, 622, OVO 3, 790, 000 3, 550, 000 
Activities within continental United 
st ites 
Red"ction and data analysis and 
eq’ ipment development 285, 000 150, 000 400, 000 
Oceangoing research vessel 0 0 | 1, 500, 000 
Advisory committee | 93, 000 i 60, 000 | 50. 000 
Subtotal 378, 000 210, 000 1, 950, 000 
Program total 4. 000, 000 4. 000. 000 5 500. 000 


Dr. Waterman. Something like $10 million or $12 million the Navy 
has set aside for this. 

Mr. Tuomas. Are the British and Russians increasing their activi- 
ties there ? 

Dr. Waterman. The Russians have been. The British are holding 
it about as it was, I believe. 

Dr. Jorvcre. That is correct. 

Dr. WaterMAN. As you know, there now is a very fine treaty among 
the nations for work in the Antarctic, which has been a real achieve- 
ment by the United States. 

The work will be completely scientific in character. There will be 
no military operations, and there will be free visits from one section 
to the other to find out what is going on. 


DISTRIBUTION OF COSTS 


Mr. Tuomas. Put page 52 in the record. 
(The page referred to follows :) 


U.S. Antarctic RESEARCH PROGRAM 


Distribution of cost, by program and field groups 


qe a panes - a Reine — = 


| 
|} USARP, USARP, USARP, 
Program | 1960 (fiscal | 1961 (fiscal | 1961 (fiscal 
| year 1959) year 1960) year 1962) 
A. Life sciences__.____- : $250, 000 $330, 000 | $330, 000 
B. Earth sciences | | 
Geodesy and cartography - -- 220, 000 200, 000 | 200, 000 
Geology 150, 000 270, 000 | 270, 000 
Geomagnetism 82, 000 80, 000 | 80, 000 
Glaciology ; 800. 000 700, 000 | 700, 000 
Gravity- 20, 000 15, 000 | 15, 000 
Seismology --. 235, 000 200, 000 200, 000 
Subtotal___- 1, 507, COO 1, 465, 000 | 1, 465, 000 
C. Oceanography: Onshore studies 190, 000 265, 000 | 75, 000 
D. Atmospheric sciences | 
Aurora and airglow 190. 000 175, 000 175, 000 
Cosmic rays 70. 000 35, 000 | 35, 000 
Ionospheric physics- -- 200, 000 220, 000 | 220, 600 
Meteorology = 1, 150, 000 1, 200, 000 , 000, 000 


_ 


Subtotal 


1, 610, 000 1. 630, 000 1, 430, 000 

E. Scientific support activities 
Related scientific support -- 350, 000 250, 000 350, 000 
Advisory committee 93, 000 60, 000 50, 000 
Subtotal_._. 4143, OOC 310, 000 400, 000 
F. Stateside research and data analysis centers. -- 0 0 | 200, 600 

G. Mobile research facilities: 

Mobile land station (design and development | 0 0 109, 000 
Oceangoing research vessel (ship conversion 0 0 | 1, 50), 000 
Subtotal. __- 0 0 | 1, 600, 000 
Total 4, 000, 000 4, 000, 00K 5, 500, 0CO 


Mr. Tuomas. This is a breakdown. I do not know how much this 
means. 
Bastc Researcu FAacinirres AND GRANTS CONTRACTS 


Mr. Tuomas. Put page 70 in the record. 
(The page referred to follows :) 


3A8IC RESEARCH FACILITIES GRANTS AND ConrTrActTs, $29.550,000 


SUMMARY 


The following comparative table shows the approximate distribution of total 
funds requested for the various research facilities projects and categories based 
on current estimates and programing. Actual utilization of funds appropriated 
under this activity title will be based on the most current judgments of advisory 
panels and the National Science Board as appropriate in order to assure effec- 
tive application of dollar resources in terms of the total needs of science. 
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Obligations 
Increase (+) 
Actual, Estimate, Estimate, or 
| fiscal year fiscal year fiscal year | decrease (—), 
| 1959 1960 1961 fiscal year 
| 1961 over 
1960 
ssi P a. = 
Development of graduate research laboratories | 0 $2, 000, 000 $15, 000, 000 | +-$13, 000, 000 
Biological and medical sciences... $3, 269, 800 > 000, 000 3, 000, 000 +1, 000, 000 
Mathematical, physical, and engineering sci 
ences: 
University computing facilities ba 1, 500, 000 1, 500, 000 2, 000, 000 +500, 000 
University nuclear equipment 2. 000, 000 2 000, 000 ( 2 000. 000 
Oceanovranhic research vessel 0 3, 000, 000 9 7A0, 000 250, 000 
A tros»heric sciences facilities 0 500, 000 1, 500, 000 +1, 000, 000 
Maintenance and operation of National 
research facilities 
National radio astronomy observatory 4, 405, 000 9800, 000 3, 000, OO +2, 100, 000 
Kitt Peak National observatory- 4 349, 925 900. 000 2.000, 009 4-1, 100, 000 
Hawaiian Geophysical Institute 0 0 300, 00 +300, 000 
Subtotal, mathematical, physical, and 
engineering facilities ___- tae 1°, 254, 925 &, 09, 000 11, 550, 000 +2, 750, 000 
Total basic research facilities ___-_- 15, 524, 725 12, £0), 000 29, 550, OOK +16, 750, 000 


As indicated by the table above, the fiscal year 1961 funding request for basic 
research facilities contains a number of significant changes in the distribution 
of funds among major areas of program activity. The fiscal year 1961 budget 
estimate of $29,550,000 for grants and contracts for basic research facilities is an 
increase of $16,750,000 or 131 percent over the fiscal year 1960 level. 

Mr. Tuomas. “Support of science, basic research facilities and 
grants contracts. 

We have gone into this with some detail, particularly the big in- 
crease of $13 million out of your $29.5 million for research laboratories. 

You have no funds this year for nuclear. 

Dr. WatreRMAN. That is right. 

Mr. Tuomas. We have gone into Dr. Revelle’s ship. Did he agree 
that he could build that boat this year for $2 million ? 

Dr. WaTeRMAN. That is our understanding—that it could be done 
for $2.75 million. We badly need one vessel in the Atlantic and one in 
the Pacific. 

Mr. Tuomas. I am glad you agree with us. I doubt if the doctor 
made that agreement though. 


NATIONAL RADIO ASTRONOMY OBSERVATORY 


Mr. Tuomas. Tell us about the Radio Astronomy Observatory. 
How is it doing? ; 

Dr. Waterman. Very well. This is coming along nicely. They 
already have done a very fine piece of research. 

Mr. Tuomas. Who is operating that for you? 

Dr. WarerMAN. This is operated by Associated Universities, Inc., 
with Director Otto Struve, a very distinguished radio astronomer. 

Mr. Tuomas. Is our distinguished friend from New York, Dr. 
Berkner, still looking over his shoulder at us? 

Dr. Waterman. He is president of the Associated Universities. 

Even with the equipment they have at present at the Observatory at 
Green Bank, the radio astronomers have succeeded in mapping the 
center of our galaxy for the first time. They ann radio signals 
that show the structure of the galaxy in which the earth exists, for 
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the as first time. You cannot reach that by ordinary telescopes. 
Our galaxy is identified by the Milky Way, and ordinary optical 
eens cannot see through the Milky Way, but the radio tele- 
scopes can, so the astronomers all over the world are quite impressed 
by this achievement. 

"Dr. Gross. It is a breakthrough ? 

Dr. WATERMAN. Yes. 

Mr. Tomas. Is this maintenance cost $3 million ? 

Dr. WaTerMAN. Not entirely. We can give you that breakdown. 

Mr. Luton. On the capital budget, we have $1,775,000, and on 
operations and maintenance we have $1,225,000. 


OCEANOGRAPHIC RESEARCH VESSEL 

Mr. Tuomas. Let us take a look at pages 101 and 102. Put those 
pages in the record. 

(The pages referred to follow :) 


OCEANOGRAPHIC RESEARCH VESSEL, $2,750,000 


Obligations 
Actual, Estimate, Estimate, 
| fiscal year | fiscal year fiscal year 
| 1959 1960 1961 
—_ | —_ | _ 
Program total _.___ gly oe aes =f AeA oot Sod ; 0| $3,000,000} $2,750,000 


Funds requested in fiscal year 1961 for this program will be used to construct 
a second modern 175-foot oceanographic vessel. Funds were appropriated for 
the construction of the first vessel in fiscal year 1960. 

Based on current cost analyses, costs anticipated by fiscal years are: 


Estimate, Estimate, 
fiscal year fiscal year 
1960 | 1961 
DESIGN AND CONSTRUCTION OF 175-FOOT RESEARCH VESSEL 
Design and engineering costs_. $190, 000 $30, 000 
Preparation of detailed working drawings 150, 000 60, 000 
Material: Hull, propulsion machinery, electric plant, auxiliary systems, 

communications and controls, and ship outfit and equipment , 275, 000 | 1, 275, 000 
Direct labor 4 | 560, 000 560, 000 
Contingency (at 5 percent) and miscellaneous - 200, 000 200, 000 
Shipyard overhead, profit, and insurance é 625, 000 625, 000 
Program total. weet : : 3, 000, 000 | 2, 750, 000 


A modern oceanographic research vessel must have the qualities of long- 
cruising range, quietness of operation, seaworthiness, ability to handle heavy 
equipment, stability, adequate laboratory space. and maneuverability at low 
speeds. The construction of a 175-foot vessel in fiscal year 1961 will permit 
incorporation of all these qualities and permit effective oceanographic research 
under a wide range of operating conditions. In addition, a recently completed 
detailed study of the relative costs and merits of all classes of oceanographic 
research vessels has indicated the economic merits of this class of vessel in 
terms of scientific return per dollar expended. 

For fiscal year 1960, $2 million was appropriated to build a 140-foot research 
vessel of the cutter class. On the basis of information available at the time of 
the fiscal year 1960 budget presentation, it was felt that a 140-foot vessel would 
fill an extremely useful research function within total fiscal year 1960 funds 
available to the Foundation. However, studies completed since that time, as 
referred to above, have emphasized that, while a 140-foot vessel will be needed, 
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the first priority is for vessels of the 175-foot class in order to permit American 
oceanographers to undertake a full range of modern oceanographic research 
in all latitudes in all seasons of the year. This need is made more acute by 
the necessity of finding a replacement for the Atlantis, currently one of the 
Nation’s foremost research vessels, which must be retired in the very near 
future. Thus, the Foundation has felt it necessary to provide approximately 
$1 million from total funds available in fiscal year 1960 to build the 175-foot 
vessel in order to meet this very pressing current need of American science. 

The estimated cost of construction of the 175-foot vessels planned for both 
fiscal year 1960 and fiscal year 1961 are based on the hull, machinery, and out- 
fitting costs of the ships, exclusive of auxiliary scientific equipment. The con- 
struction cost of the fiscal year 1961 vessel is expected to be somewhat less 
than the fiscal year 1960 vessel since the same basic plans and working draw- 
ings will be used for both vessels. 

With the vessel planned in fiscal year 1961, as with the fiscal year 1960 vessel, 
it is expected that a grant will be made to a university or oceanographic 
research institution to permit the grantee to design, contract for, and supervise 
construction. And, as in the case of the fiscal year 1960 vessel, it is expected 
that the vessel supnorted with fiscal year 1961 funds will be a replacement for 
an existing research ship, rather than an additional vessel, because of the great 
length of service of nearly all active U.S. oceanographic ships. 

It is expected that the operating and maintenance cost of this vessel, as with 
the fiscal year 1960 vessel, will be provided from a variety of sources, including 
private, State, and Federal organizations. 

Mr. Tuomas. Dr. Revelle agreed to that reduction in his absence. 
Does that give him three or four ships? I was thinking we gave you 
one or two shins last year out of this budget. 

Dr. Rem. One. 

Mr. Trromas. How many more did you have? Did you have four 
old ones? 

Dr. Rem. That is right. 

Mr. THomas. What shane are they in now? 

Dr. Rrip. The youngest is nearly 20 years old. 

Mr. Tuomas. It will be old enough to vote in 1 more year. When 
are you going to get them in the water ? 

Dr. Rem. The new ones we are building ? 

Mr. Trromas. Yes. 

Dr. Rem. I am sorry I can’t say. The newest is still in process of 
desien at the moment. It will be laid down, I hope, within a few 
months. 

Mr. Tromas. What will be the construction time required? Can 
you build it in 12 or 13 months? 

Dr. Rem. I would hopeso. I cannot be snecific. 

Mr. Tuomas. Who has the contract to build them ? 

Dr. Rem. I do not know. 

Dr. Rogertson. The first ship the Science Foundation has 1960 
money for is being built for Woods Hole Oceanographic Institution. 
They had the preliminary design. They are now making a detailed 
desien. They have not let the contract yet, I believe. 

Mr. Tuomas. Woods Hole had not let the contract. I guess it will 
gotoayard in Quincy. That is nearby. 

Dr. Ronertrson. That is a possibility. 

Mr. Tuomas. What control are you gentlemen keeping of the 
money / 

Dr. Rorerrson. We have provided in advance for periodic ap- 
provals of the successive steps in the construction. 

Mr. Tuomas. When they finish construction, will you have main- 
tenance and operation money for it ? 
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Dr. Rozertson. We anticipate that the operation of the ship will 
be paid for out of oceanographic research funds, which will come both 
from the Navy and the Science Foundation. 

Mr. Tuomas. We build a ship and then maintain it. 

Mr. Boianp. Have they maintained the AZ/antis in this way? 

Dr. Rozertson. I think maintenance funds for the Atlantis comes 
primarily through Navy research funds, and some Scientific Founda- 
tion funds as well. 

Mr. Jonas. Who owns these ships? Who will be in control of 
them ? 

Mr. Tuomas. The Research Institution, Woods Hole. 

Dr. Ropertson. Woods Hole Oceanographic Institution will own 
theship. We made the grant to them. 

Mr. Jonas. They will own it, operate it, and be responsible for its 
assignments ? 

Dr. Rozerrson. That is correct. 


NATIONAL RADIO ASTRONOMY OBSERVATORY 


Mr. Tuomas. Let us take a look at the laboratory. We can call 
that Astronomy Laboratory ours, can’t we ? 

Dr. WATERMAN. We own it but do not operate it. 

Mr. THomas. It isstillours. Put 109 and 110 in the record. 

(The pages referred to follow :) 


NATIONAL Rapio ASTRONOMY OBSERVATORY, $3,000,000 


A summary of funds authorized to date and funds requested for fiscal year 
1961 for the National Radio Astronomy Observatory is as follows: 


Fiscal year Estimate, [otal throug’ Estimate, 
1957 through fiscal year fiscal year fiscal year 
fiscal year 1960 1960 1961 
1959 
| 
—— - See — | _ ES 
Program total sss tk)) (eRe 068 i $900, 000 $10, 380, 000 | $3, 000, 000 





The distribution of funds authorized and requested, by use or purpose, follows: 


Total availability 


Estimate, 


Fiscal year Estimate, fiscal year 
1957 throug! fiscal year | 196] 
fiscal year 1960 
TOG 
Site development and protection $063. 000 $70, 000 | $210, 000 
Buildings and housing 1, 127, 000 0 | 170, 000 
Research equipment 
85 foot and 140-foot radio telescope construction 6, 050, 000 0 | 0 
Telescope improvement program 0 0 | 100. 000 
Fixed zenith 300-foot telescope 0 | 300, 000 
Radiofrequency components and electronic equipment 470, 000 160, 000 550, 000 
Subtotal 4 OOO 160, 000 | 1, 250, 000 
Other observatory equipment 239, 000 50. 000 | 145, 000 


Maintenance ind Operation costs : 631, 000 620, 000 1, 225, 000 


Total 9, 480, 000 900, 000 3, 000, 000 
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A total of $3 million is requested for the National Radio Astronomy Ob- 
servatory, or an increase of $2,100,000 over the fiscal year 1960 level of $900,000. 

As the Observatory approaches full-scale operations, the financial impact 
in fiscal year 1961 is demonstrated not only in increases in staff and equipment 
in the direct astronomy and electronics research programs, but also in the 
necessary supporting service functions such as maintenance personnel, in- 
creased costs of electricity and fuel oil, and necessary additional housing for 
staff and visitors. 

Further, in fiscal year 1961, the Observatory will be in a position to pursue 
programs for the improvement of the basic research telescope so as to insure 
maximum flexibility and research capability of these instruments. These pro- 
gams involve the procurement of components, the development of receivers, 
and the making of direct improvements to the basic research instruments. 

Finally, funds are requested to permit addition of an important new basic 
research telescope and to provide for a public demonstration building for 
directing and controlling onsite visitors. 

A summary explanation of the budget estimate, by the major Observatory 
categories, shown on the table, follows: 


Site development and protection, $210,000 


Total availability 


Estimate, 


Fiscal year Estimate, fiscal year 
1957 throvgh fiscal year 1961 
fiscal year 1960 
1959 } 

Site acquisition and protection a ish Dl hdhianeraminphiensieele $600, 000 0 $75, 000 
Onsite roads and utilities sda sniatcieenateapisiainiedl 277, 000 | 0 25, 000 
Electric power and communications... ...............------ c 86, 000 70, 000 110, 000 
a a Oe 963, 000 | 70, 000 210, 000 





The Green Bank, W. Va., site was selected as nearly ideal for radio astronomy 
research because of the low level of manmade radio interference from home and 
commercial electrical equipment, radios, automobiles, etc. ; $75,000 is requested 
in fiscal year 1961 to provide for a program of protection of the site against a 
rise in the interference level which would decrease the effectiveness of the radio 
telescopes. Of the total for this category, $50,000 is needed for improving equip- 
ment which will identify and eliminate radio interference. The balance, $25,000, 
is planned for acquisition of or easements on critical sites which would otherwise 
become potential sources of radio interference, and for the construction of vis- 
itors parking areas. 

An amount of $25,000 is required to provide for a road to the 300-foot fixed 
zenith telescope planned for fiscal year 1961. 

The sum of $110,000 is required to provide underground electrical service to 
auxiliary sites, and necessary additional voltage regulation equipment and 
switching stations in order to provide for the planned on-site plant load. 


Mr. Tuomas. You are through with the construction costs. You 
have $114 million in here for facilities. Are you through with the 
facilities and your construction costs for this $8 million? 

Mr. Lutron. There will still be some more construction costs. 

Mr. Tuomas. How much more? 

Off the record. 

(Discussion off the record.) 

Dr. Waterman. Everything depends in this field as in others on 
what progress is made in research. If a new instrument or new 
technique is developed for observation, then they will naturally come 
to us to see if this cannot be added to what thev have: it is a little 
hard to forecast that kind of thing. 

Mr. Trromas. How many people does he have for $11, million ? 

Dr. WaTerMAN. Ninety-one. 
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Mr. Tuomas. He really went up there. 

Dr. WaTerMAN. These are planned for 1961 

Mr. Lutron. The staff in 1960is 58. They estimate 91 in 1961. 

Mr. Tuomas. How many top scientists do you have there? You 
built them a dormitory. I thought there would be visitors and you 
would have only a staff of six or eight people. The others would go 
in and do researching and go home. 

Dr. WATERMAN. Quite a number of technicians and maintenance 
people are required. 

Mr. Tuomas. How many maintenance people are there ? 

Mr. Luron. About 43 people come under business administration, 
maintenance, and categories of that type. 

Mr. THomas. You ought to have more maintenance. 

Mr. Luron. The other people in the 91 would be scientists, for in- 
stance, the Director and the astronomy department. 

Mr. THomas. How many scientists live on the ground ? 

Mr. Luton. Right now we do not have much place for them to live. 

Mr. Tuomas. What became of that. nice dormitory and those mess- 
hall facilities and private quarters? We built a nice little hotel there. 

Mr. Luron. We have 16 rooms there in the residence hall, a cafe- 
teria, and 4 apartments. 

Mr. Tuomas. Sixteen rooms and how many apartments ? 

Mr. Luton. Four. These will be taken up primarily by the visiting 
scientists and then we have there on the site some remodeled 
farmhouses. 

Mr. Tuomas. How many of those are there? 

Mr. Luton. There are about seven of those which have been re- 
modeled and are available for occupancy. One of those is used more 
or less as a quarters for the men who come there without families. 

Mr. Tuomas. How long do they stay there? These are mainte- 
nance, operation people or scientists? 

Mr. Lutron. These are scientists mainly. 

Mr. Tuomas. Off the record. 

( Discussion off the record. ) 

Mr. Luron. I think we should make this clear on that particular 
point, and that is that most 

Mr. THomas. We will take you at your word and we will make it 
clear in this year’s budget. 

Mr. Lutron. All right. Many of the maintenance people are hired 
from the region and do not live on the site. This is also true of the 
people in the business office. 

Mr. Tomas. You have $170,000. 

Dr. Waterman. This is a capital instrument which does require 
maintenance for its operation and the same is true of auxiliary equip- 
ment such as the computing devices. 

Mr. Tuomas. This has been in operation about 6 or 8 months, has 
it not? 

Dr. WarermMAN, On the smaller telescope. 

Mr. Luron. The 85-inch telescope has been in operation for about 
a year. 

Mr. THoomas. How about the big one? 

Mr. Luton. The big one is still in process of construction. 
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KITT PEAK NATIONAL OBSERVATORY 


Mr. Tuomas. Let us take a look at Kitt Peak. What are we doing 
in Kitt Peak? You ask for $2 million. Put pages 118, 119, and 120 
in the record. 

(The pages referred to follow :) 


Kirr PEAK NATIONAL OBSERVATORY, $2 MILLION 


, 


Funds are requested in fiscal year 1961 to provide for the operation and main- 
tenance of the Kitt Peak National Observatory, together with necessary equip- 
ment and facility additions. The observatory is being constructed at Kitt Peak, 
Ariz.; offices and laboratories are located in Tucson, about 40 miles away. A 
summary of funds approved to date and requested for fiscal year 1961 for the 
observatory is as follows: 


| | | 
Fiscal years | Fiscal year |Total through] Estimate, 


1958-59 1960 | fiscal vear fiscal year 
1960 1961 
| | 
erase $$ ——$_ —$ |} | —— —————__] . sil 
Program total___--- . oalemnls $7, 545, 000 $900, 000 $8, 445, 000 $2, 000, 000 
| 





The distribution of funds by major category and by fiscal year follows: 





Current availability 
Estimate for 
fiscal year 





Fiscal year Estimate, | 1961 
1958-59 fiscal year 
1960 
a OT OIE iis 56k ke ie sdi-)- svitiaatecobewwiens $756, 883 | $28, 000 | $108, 000 
Construction of observatory facilities: | | 
nr DON SANDE UO nomena | 659, 439 | 49, 000 247, 000 
Facilities at Kitt Peak___- ese a 336, 183 55, 000 206, 000 
eal ack cenbukeibee ; 995, 622 104, 000 453, 000 
Research telescopes 
16-inch telescope_-__-_- peaks ee ate, mes 2, 000 0 | 0 
34-inch telescore as ; 233, 028 0 | 0 
80-inch telescope - 1, 559, 290 195, 200 56, 000 
Solar telescope haces dobnbinwalhas oat 3, 335, 000 0 | 185, 000 
Advance optical telescope program - -- stats ; 0 0 175, 000 
a a a cil i aril ; . 5, 129, 318 195, 200 414, 000 
Operations and maintenance meng Bes. ee 663, 177 572, 800 1, 023, 000 
a Ee 7, 545, 000 900, 000 2, 000, 000 


A total of $2 million is requested for the Kitt Peak National Observatory in 
fiscal year 1961, an increase of $1,100,000 over the fiscal year 1960 level. The 
principal factor contributing to the increase in fiscal year 1961 over fiscal year 
1960 is the initiation of an advanced optical research telescope design program. 
This program aims at a major advance in optical astronomy by developing a 
large, remotely operated telescope for use in an earth satellite. To carry out 
this program in fiscal year 1961, personnel, supplies, and materials will be re- 
quired in addition to continuing program requirements of the observatory ; more 
city laboratory space will be required; and specialized facilities and telescopes 
will be required at the Kitt Peak site. 
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A second factor contributing to the increase in fiscal year 1961 over fiscal 
year 1960 results from normal growth to nearly a full-scale research program 
for presently scheduled facilities. The impact of such a program results not 
only in an increased number of direct research personnel for training and 
operation, but also increased auxiliary personnel, supplies, and related ex- 
penses. 

As a third factor related to the start of nearly full-scale operations, it will 
be necessary to provide certain buildings and site improvements not needed un- 
til the presently scheduled plant is almost completed. For example, roads and 
parking lots will require surfacing, and area fencing must be completed. In 
addition, a public reception building will be needed to handle the substantial 
numbers of persons who will wish to visit the site after the major instruments 
are completed. 


A description of program plans represented by the amounts requested in each 
of the major observatory categories follows: 


SITE DEVELOPMENT, $108,000 


ee een 


Current availability 
ceiialicentn escjicla caine aaral Estimate for 


fiscal year 
Fiscal year Estimate, 1961 
1958-59 fiscal year 
1960 
Surveys and area development--_- $59, 318 0 £25, 000 
On-site roads _. ; 30, 000 $7, 000 30, 000 
Water svstem 254, 000 | 0 46, 000 
Telephone and power. te eee bib 171, 925 21, 000 7, 000 
Land procurement-. ‘ eciia _ 231, 640 0 0 
Total__- a lata 756, 883 | 28, 000 108, 000 








Surveys and area development.—Funds available through fiscal year 1959 were 
used for geological and topological surveys, clearing the site, temporary build- 
ings, ete. With essential completion of construction by fiscal year 1961, an 
extensive fencing program will be necessary: around the observatory grounds 
at the summit ($6,000); around the water-collecting basins and utility areas 
($6,000) ; line fencing as specified in the lease with the Papago Indians ($5,000) ; 
and safety walls and fencing for hazardous areas near the observatory build- 
ings ($8,000). 

On-site roads.—Surfacing of the on-site road and paths connecting the vari- 
ous installations and additional parking areas will be required at a unit cost 
of $3 per square yard. Funds were previously provided for surfacing of the 
parking areas around the stellar telescope buildings and the basic support fa- 
cilities. A requirement will exist in fiscal year 1961 to complete surfacing of 
the main on-site road system and parking areas. The job will include 7,400 
square yards of roadways, 2,600 square yards of parking areas and pedestrian 
paths. 

Water system.—While current planning indicates that the collection of rain- 
water in catchment basins appears the best system, $5,000 is planned for use 
in fiscal year 1961 to explore and develop alternate water sources in order to 
supplement the present system. An amount of $16,000 will be required for water 
and sewer distribution system extensions for new buildings in fiscal year 1961; 
or about 900 lineal feet, at $17.40 per foot. Lastly, $25,000 will be required to 
bring water and sewerage services to the public reception center. 

Telephone and power.—Approximately $7,000 will be required for about 900 
lineal feet of system extensions, at $7.90 per foot. 
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Current availability 


Estimate, 
fiscal year 
Fiscal years Estimate, 1961 
1958-59 fiscal year 
| 1960 
— — —— | 
City facilities: | 

City office and laboratory _--_- $582, 439 | 0 $200, 000 
Service building and parking areas, ete. 0 $49, 000 0 
Optical test tunnel Ss 77, 000 | 0 0 
18-foot vacuum sphere. 0 | 0 7, 000 

| 659, 439 49, 000 247, 000 

Mountain facilities: 

Residences aad 30, 000 55, 000 30, 000 
Office and laboratory 90, 000 0 0 
Cafeteria and apartments . 79, 000 0 0 
Dormitory --- ——— a aes 55, 000 | 0 0 
Warehouse and service . Ae 65, 000 | 0 25, 000 
Solar office-laboratory ned died . 0 | 0 | 35, 000 
Public reception building Sa . 0 0 88, 000 
Architect-engineer services. 17, 183 0 28, 000 

Subtotal-__......-. 336, 183 55, 000 206, 000 

Facilities, total... — 995, 622 104, 000 | 453, 000 





Mr. Tromas. 
with $7,500,000. 
supplemental. 
about half of it. 

What is that maintenance and operation figure 


You had $900,000 last 
You have $2 million. 


year. 
( Jperation 


You are through with this now 


? You started off 
I think you got a 


and maintenance is 


going to be a year? 





How many people do you have, et cetera? 

Dr. WaTerMAN. We estimate $1,023,000 for operation and mainte- 
nance, I believe. 

Mr. Tuomas. How many people do you have at Kitts Peak? 

Dr. Waterman. Forty-seven in this year. 

Mr. Tuomas. When will you be through with your ec apital money ? 
You have $2 million in there for this year and half of it is for main- 
tenance; $1,023,000 is for operation and maintenance. What. will it 
cost to maintain it a year? How many people will you have and how 
much larger will it get ¢ 

Dr. Waterman. The 16-inch telescope is completed, the 36-inch is 
completed, and the 80-inch is to be completed. We need $56,000 
estimated for 1961. The solar telescope will require another $185,000 
and then a new project, advanced optical telescope program, calls for 
$175,000. 

Mr. THomas. What will it cost you, and when will it be completed? 

Dr. Waterman. The 80-inch telescope, Mr. Luton—— 

Mr. Lutron. The 80-inch optical telescope should be completed in 
the fourth quarter of fiscal year 1961. It should be completed by 
June 1961. 

Mr. Tuomas. Will you call for an overrun in that or is your money 
going to be sufficient ? 

Mr. Luton. So far it appears they have sufficient funds for the Op- 
tical Observatory. 

Mr. Tuomas. When you get it completed, what will your mainte- 
nance cost be on an annual basis? 
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You have $1,023,000 in here this year. 


Mr. Luton. I would say approximately between a million and a 
million and a half dollars per year. 


Surveys AND Reports 


Mr. Yates. Mr. Reporter, let us go to page 131 and put that in the 
record. 
(The page referred to follows :) 


SURVEYS AND Reports, $370,000 

















Obligations 
rs | 
Increase (+-) 
Actual, Estimate, Estimate, or 
fiscal year fiscal year fiscal year | decrease (—), 
1959 1960 1961 fiscal year 
| 1961 over 
joa 1960 
eae) aaa -* 
CME oo. oe eet eunheenaalacen ae $230, 254 | $367, 235 $370, 000 | +$2, 765 
| | 








This program provides for surveys and special studies of the Nation’s resources 
for scientific research and development, including measures of current magni- 
tude, categories of research, field of activity, and impact upon industrial develop- 
ment and the general welfare. It also serves as a medium for evaluating the 
effect of Federal programs in science and technology upon non-Federal research 
and development. The data obtained provide a basis for the formulation of 
Federal science policy recommendations, as well as furnish a basis for the admin- 
istration, operation, and the formulation of policy decisions within the National 
Science Foundation. 

Because of the broad objectives and areas of coverage in the program of the 
Office of Special Studies, a large part of the work is carried out through con- 
tractual agreements with competent private and public agencies. Within the 
Foundation, the small professional staff of the Office is responsible for program 
planning and analysis, and for supervision and guidance of the contract projects. 

The amount requested for fiscal year 1961 will provide for the continuation 
of the survey series currently underway and for special studies which are 
explained later. Estimated allocations of the amount are as follows: 


STATISTICAL SURVEYS 

$90,000 to the Bureau of the Census to complete the 1959 eycle and begin the 
1960 cycle of data compilation in connection with the statistical survey of the 
costs of research and development performed by American industry. 

$60,000 to the Office of Education for data compilation as part of a summary 
survey for the 1958-59 school year and a detailed survey for the 1959-60 school 
year of research and development performed by the Nation’s colleges and uni- 
versities. These surveys determine the volume of research and development 
supported by school funds and by outside fund sources, including the manpower 
engaged and related topics. 

Mr. Yares. Doctor, do you want to tell us why this item is necessary ¢ 

Dr. Waterman. That is a systematic program in the Foundation. 
There is practically no change in the budget. It makes the statistical 
surveys of the research and development costs of American industry, 
the universities and colleges and the Federal Government itself. It 
also goes into the matter of scientific personnel, engineering personnel, 
and manpower. The schedule is arranged now so we can get syste- 
matic reports of these and publish these to all who are interested, and 
in this way we are able to establish trends. 
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Dr. Perlman, who is in charge of this office, has people engaged in 
determining an index which can be useful in the further planning of 
this. 

There are special studies also, such as: effects of research and devel- 
opment upon the growth and stabilization of the various industries 
and the economy in general; the analysis of the factors that determine 
the level of research and development expenditures within private 
industry ; the analysis of the factors affecting the spread of industrial 
innovations resulting from research and development activities in pri- 
vate industry; impact of Federal research matters, managed by edu- 
cational institutions, on the faculty staffing, teaching requirements, 
and organizational structure of the universities. 

Mr. Yates. Does the Department of Commerce do any of this? 

Dr. Waterman. They make studies on national resources, particu- 
larly economic resources and the activities of industry. Ours, of 
course, is concentrated on science and technology and covers all see- 
tors—the Government, universities, and industry. 


DISSEMINATION OF Screntiric INFORMATION 


Mr. Yates. The next item is dissemination of scientific informa- 
tion, and we shall insert page 139 in the record at this point. 
ry. P 
(The page referred to follows :) 


DISSEMINATION OF SCIENTIFIC INFORMATION, $7,335,000 


SUMMARY 


A comparison of budget estimates by fiscal years for major activities within 
the dissemination of scientific information program follows: The first table, by 
dollar amounts: the second, by percentages of total funds. 


Obligations 
Actual, Estimate, Estimate, 
fiscal vear fiscal year fiscal year 
1959 1960 1961 
Foreign science information $1, 337, 737 $1, 968, 527 $2, 290, 000 
Research, data, and information services___- : $13, 411 363, 004 740, 000 
Support of scientific publications 1, 083, 176 1, 425, 000 2, 280, 000 
Research on scientific information problems . ; 781, 675 | 900, 000 1, 190, 000 
International scientific information exchanges.-_-___- ; 331, 528 | 735, 000 835, 000 
Program totals..........-- See tO ss ourmaen 3, 847, 527 5, 391, 531 7, 335, 000 
In percent 

Foreign science information....................... ‘ 34.8 36. 5 31.2 
Research, data, and information services........-- | 8.1 6.7 10.1 
Support of scientific publications..............-.--_- . 28.2 26, 5 31.1 
Research on scientific information problems... _- 20.3 | 16.7 16.2 
International scientific information exchanges. --- : 8.6 | 13.6 | 11.4 
UNOS fa os a eeeeeee ASS 100. 0 100. 0 100. 0 


' 


The fiscal year 1961 request for $7,335,000 is about 36 percent above the fiscal 
year 1960 level of $5,391,531. The increase reflects, overall, both the growth of 
requirements to be met by Foundation support and the Foundation’s effort to 
exercise the role of national leadership in the dissemination of scientific informa- 
tion assigned by congressional and Executive directives. 


Mr. Yares. $7,335,000 is requested for this activity for the next 
fiscal year. This has moved up since 1959 when the National Science 
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Foundation had $3,847,527. There was $5,391,531 allocated for this 
activity last year, and now there is a further increase of another $2 
million. 

How many organizations are engaged in the gathering and _dis- 
semination of information of this type? I know that “the State 
Department is doing it and the Army and the Navy are doing it. The 
Department of Commerce is engaged i in it, 

Dr. Waterman. This is all encompassed under this program. We 
see that each one is carrying out its share without overlap. Dr. 
Adkinson can speak to this in detail. 

Dr. Apx1tnson. The question you asked was, how many agencies 
in the Government are working in the field of scientific and technical 
information. There are 17 represented on the Interdepartmental 
Committee which have major roles in this field. There are other 
agencies that have some role in the field of scientific and technical 
information. 

The thing that I would like to explain is, these agencies are col- 
lecting and organizing information for their partic ular yrograms and 
we collect no information in our program. We are ronkdiig with the 
agencies to effect cooperation and coordination. We are not trans- 
ferring, starting this coming year, any money to other agencies for 
their scientific information activities. 

Mr. Tuomas. How many people do you have in this program ? 

Dr. Ankrnson. At the present time I believe 56. 

Mr. Tromas. What do the green sheets look like? How many 
supergrades ? 

Dr Waterman. I think only one top excepted grade, Dr. Adkin- 
son himself. 

Mr. Tuomas. You do not do any translating or any evaluating. 

Dr. Anxtnson. We do evaluate. 

Dr. Waterman. We support translations by grants. 

Mr. Tromas. I am talking about the 56 people that he has. 

Mr. Lutron. There are six excepted grades. 

Mr. Tuomas. They do no translating. You have seven programs 
that you support. It looks to me like this program ought to be cut 
half in two. 

Dr. Apkinson. We have the problem, sir, of developing cooperative 
programs within Government, which means that we must have peo- 
ple who know and understand the information business in the scien- 
tific and technical field. A large share of our fund is used to work 
with the scientific societies outside who are hard pressed to meet the 
demand. 

Mr. Tuomas. What are you spending for your administrative costs 
and salary costs and other objects? Break it down. 

Dr. Apkrnson. The number of people on my staff is 56 and the 
total cost. is $468,000 for salaries. 

Mr. Tuomas. You have a budget here practically of $8 million / 

Dr. Ankinson. Right. 

Mr. Tomas. You are spending $612,000 to give away $7 million. 
That is a little high, is it not ? 

Dr. Ankrvson. That is a reasonable question if that were all we had 
to do—give away the $7.3 million. 

Mr. Tuomas. Do not use that word, Doctor; you allocate. 
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Dr. Apxinson. Allocate. The real problem we have is working 
with a large number of scientific bodies and with technical informa- 
tion services within industry. 

Mr. Tuomas. An insurance company would allow 5 percent for ad- 
ministrative costs for this same operation, and you are spending about 
8 percent. 

Dr. Anktnson. About 8 percent, and about 7 percent, if the foreign 
currency program is included. 

Dr. Gross. I think this is more of an operating arm of the Founda- 
tion. There is no area where there are specialists of this type that 
are really performing an operational function. Theoretically, the 
Foundation is not supposed to operate, but here we are in a position 
where we have to send people who have the competence and can do 
this coordinating which seems to many of us to be a very, very impor- 
tant problem. 

The growth of scientific information is a tremendous sweep as these 
years have gone on. It is very uneconomical for the Government, in- 
dustry, or the universities not to know what has been done. 

Mr. Tuomas. It costs you $40 or $50 a page to translate some of 
this? 

Dr. Apkrnson. The average cost to translate and publish is about 
$25 a page. 

Dr. Gross. I want to emphasize the fact that industry puts a tre- 
mendous amount of their funds, as they should, into things like 
chemical abstracts. That has been supported very heavily, not by 
Government, but by industry. This is in recognition of the fact that 
if you do not use what is in the printed literature and do it over again 
in the laboratory, the cost is wasteful. The volume of this is one 
of the great problems of the day. It is in all areas, but in science it 
is greater. We have to organize it so it is more generally available to 
the scientists and not lost. 

Mr. Tuomas. We appreciate the value of it. We have gone into it 
with you and the other gentlemen here year after year. We know the 
value of it. Can you get about the same results for a little less money 
than you are spending in this field? The administrative costs are far 
out. of line. 

Dr. Gross. I think if one would regard this just as administrative 
costs you would be correct. 

Mr. Tuomas. If this came up in your own university you would ask 
a lot. of questions. 

Dr. Gross. I think that there is an operational element in here that 
I would like to stress. That is the point that I would like to make, 
It is peculiar to this office of the Foundation. 

Dr. WATERMAN. We have a statutory responsibility here to take a 
leading position, not only with Government, but, with the universities 
and industry. This means keeping in touch with scientific societies 
and what they are publishing and what they are doing, and keeping in 
touch with industry and their publications, and all of the Federal 
agencies and what they are doing in se ientific information. It also 
means the translation of articles abroad, « especially Russian, and mak- 
ing arrangements to be sure these articles are translated completely 
when desired and that selected translations are made of important 
articles. 
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The same is true of books and monographs. Then there are whole 
areas of abstracts in the field of science. We have to find out who 
is doing this work and see that they are effectively being carried on. 

Mr. THomas. You are hs wading literally hundreds of instruments. 
The lawyers call them instr uments. You scientists call them abstracts. 
You are going to translate some. There are going to be hundreds 
that go to the filing cabinets. Maybe sometime some scientist will 
have the idea that he may want it and perhaps it will be there. If 
you ever have occasion to use 10 percent of them that would be a 
high figure. 

‘Dr. Gross. The trouble is you never know which 10 percent. 

Mr. Tuomas. That is the hazard that you run. 

Dr. Warerman. This is a field which people who have given it 
thought over the years feel has been very badly neglected. That is 
why we were given this responsibility. Aside from that there is the 
whole problem of when you have identified published materials you 
have to put them in a library and then the question comes how can 
you store them where they can be identified? When you have done 
that, how, and in what form, do you bring them to a scientist-engineer 
who wants to consult them for his research? So a great deal ‘of re- 
search has to go into that technique. Also I think you will recall 
quite a lot of progress is being made in the mechanical translation of 
foreign languages. This sounds as though it would be an impossible 
thing to do, but it is turning out not to be so. We have had some 
very interesting results. All of these things add to the components 
in the budget, ‘and since we have taken the leadership here we feel 
that we cannot afford to take any chances. We have all of these 
aamiendatititoe and they are extremely important, and require highly 
competent staffs. 

FOREIGN SCIENCE INFORMATION 

Mr. Yares. We shall insert page 145 in the record, which shows 
the foreign science information budget. 

(The page referred to follows:) 

FOREIGN ScrENcE INFORMATION, $2,290,000 


Obligations 


Actual, Estimate, Estimate, 
fiscal year fiscal year fiscal year 
1959 1960 1961 
Translation activities, Russian language: 

Translation of scientific journals_- . $923, 382 $1, 041, 665 $1, 200, 000 
Translation of books and monographs. - 63, 487 56, 862 100, 000 
rranslation of selected articles_ - 37, 802 76, 000 | 125, 000 
Russian-English reference aids ‘ 130, 659 200, 000 | 190, 000 
a a ee pe umhn Ahietne 4 1, 155, 330 1, 373, 527 | 1, 615 , 000 
Translation activities, other langu: wzes 0 170, 000 | 275, 000 
Exchange and acquisition of foreign scientific publications . 160 125, 000 125, 000 
Translation clearinghouses 49, 124 30, 000 | 50, 000 
Information on foreign science 14, 123 270, 000 225, 000 
Pipek! Pat ae : : | 1,887,737] 1, 968, 527 | 2, 290, 000 


he, See tes i res { | 1 


Research carried on in janay countries is increasing in volume and significance 
and thus is of growing importance to American scientists and engineers. Yet 
much of this information is not directly available because it is published in 
languages which few American scientists read—Russian, Chinese, Japanese, and 
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Eastern European langauges. In addition, many foreign language journals 
are not readily available in American scientific libraries. 

The National Science Foundation has established this program to improve the 
communication of the results of foreign research to American scientists. 


RESEARCH, DATA, AND INFORMATION SERVICES 
Mr. Yates. Page 149 shows the “Research, data, and information 
services” budget, ‘which page we shal] insert into the record. 


(The page referred to follows:) 


RESEARCH, Data, AND INFORMATION SERVICES, $740,000 


Obligations 
Actua il, Estimate, Estimate, 
fiscal year fiscal year fiscal year 
Be 1959 | 1960 1961 

Support of announcement and availability services $50, 311 | $93, 004 $90, 000 
Support of data, reference and information services- 263, 100 | 200, 000 | 560, 000 
Support of special projects. .......................... 0 70, 000 90, 000 
Lanes a bes 
a a a cae et dics 313, $11 363, 004 740, 000 





A large percentage of the significant unclassified scientific and technical infor- 
mation resulting from the research of Government, industrial, educational, and 
other private organizations is not made available through the conventional 
journal- and book-publication channels. Even though such information may 
eventually become published, there are extensive timelags, varying from months 
to years, between the time research is completed. the time the results are sub- 
mitted for publication, and the time the information actually appears in a scien- 
tific journal or book. 

The effectiveness with which this large important body of scientific and 
technical information can be exploited by a U.S. research scientist or engineer 
in his work is directly dependent upon the extent to which such pertinent infor- 
mation is made readily available to him, and the efficiency with which he can 
obtain specific needed information in a form which he can easily use. 

This program has two major objectives: (1) to provide for systematic optimum 
public announcement and dissemination of all significant unclassified scientific 
and technological information which is not published promptly in scientific 
journals and books, and to encourage its flow into conventional scientific publi- 

cation channels; and (2) to help make scientific and technical information and 

data more easily accessible to the Nation’s scientific and technological commnu- 
nity by means of a well- coordinated system of conventional and specialized 
reference, data, and information service centers 


SUPPORT OF SCIENTIFIC PUBLICATIONS 


Mr. Yates. Page 153 shows the support of scientific publications. 
What form does support of scientific publications take? This is 
almost doubling? 

Dr. Apxrnson. I will — our support program. 

A large number of journals of original research, and monographs 
on original research are published by organizations that pay for them 
and run them—largely the scientific societies. They are hard-pressed 
to the point they cannot publish all the material they should. 

When you realize that our scientific research and publication effort 
is expanding at the rate of doubling every 814 to 10 years and that it is 
the individual scientists who are running these societies, they are 
hardpressed. 


Mr. Tuomas. He asked you a question. Give usa list of them here. 
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Dr. Apkinson. Here is a listing of the subareas and the number of 


grants for last year. 


Mr. Yates. What about the journals themselves, the names of them ? 


Dr. Apxkrnson. I 
Mr. THomas. 
now ¢ 


‘an get that for you. 
Do you have any there you can read into the record 


I do not have it. 


Mr. Yates. Do you remember the names of any of the journals? 


Dr. Apxinson. Yes. I 


“an Name some. 


We have supported such 


things as Forest Science, Geoscience Abstracts, Meteorological Ab- 


stracts 





Mr. Tuomas. How much did you give to Forest Science? 


Dr. ADKINSON. 
that is the end. 
Mr.’ 


Dr. Apkinson. Around $10,00( 


) or $11,000. 


A small amount to get them out of trouble, and 
We do not support these on a continuing basis. 
['Homas. What was the small amount? 


Mr. Yares. What if they run on the rocks again, do you give them 


another grant ? 


Dr. Apk1nson. What we try to do is to give grants to do two things: 
(1) work on the backlog, and the other is to make studies and organ- 
ize their programs, get their things in order so that they can carry 
Ordinar ily, our grant is for 1, 2, or 
3 years with the understanding that at the end of that time they will 


themselves. This is our practice. 


be in a position to carry it. 
Mr. 


partment of Agriculture make any contr ibution ? 


Dr. Apkrnson. They did not, as far 
subscriptions. 
tribute. Applied Mechanics Revi 


iew is another. 


Tuomas. Would not the Laboratory up in Wisconsin help? 
There is a Forest Products Laboratory in Wisconsin. Does the De- 
as we know, except to buy 
A lot of them feel that is all that ‘they need con- 


Mr. Tuomas. When you add all your costs you are right at $10 mil- 
lion rather than $5.5 million, are you not ? 


Mr. 
Dr. 


YATES 
Anxrson. 


Yes. 


(The information requested follows :) 


National Science Foundation grants in support of publications 


Institution 





Title 
ae ada . ; al 
Anthropology: World Bibliography of Fossil 
Vertebrates and Paleolithic Anthropology 


(bibliography). 

Archeology: Radiocarbon samples 
(data compilation). 

Astronomy 


and dates 


Bibliography of Extraterrestrial Radio Noise 


(abstracting journal). 
Bibliography of Astronomy 
portion (hibliography). 


1881-98, U.S. 


Visnal observations of variable stars (data | 


compilation). 
Stars and Stellar Systems (compendium) -. 


Biology (general): Biological Abstracts (abstract- 
ing journal). 
Botany: 


Annotated Bibliography of Reviews in Plant | 


Pathology. 
Index of Scientific Names of Algae 
Bibliography of the Flowering 
Mexico. 


Plants of 


Index M™scorum (catalog of scientific names | 


of mosses). 
The Characeae (monograph)....---....----.-- 


University of California 


Peabody Foundation for 
Archeology. 

Cornell University-. 

|} American Astronomical So- 

| ciety. 

American Association of 
Variable Star Observers. 

| University of Chicago 

| Biological Abstracts, Inc. 





American 
cal Society. 

| University of Illinois 

| University of Pennsylvania 





International Association 
for Plant Taxonomy. 





Phytopathologi- 


University of Rhode Island. 





j|Amount} 





$25, 050 


500 


9, 200 


8, 100 


16, 000 


8, 800 


. Will you put a list of the publications in the record? 


(fiscal year 1959) 


Date 
February 1959. 
May 1959. 


July 1958. 
August 1958. 


December 1958. 


| Jannary 1959. 
| 150, 000 | 


Do. 


8, 000 July 1958. 


16, 000 
10, 500 


11, 000 
2, 300 





Do, 
August 1958. 


October 1958. 


June 1959. 








National Science Foundation 


Title 


Crystallography: Critical Compilation of C 
tal Data (data compilation 
Engineering 
Solar Energy (primary journal 


rvs 


Spray Literature 
abstracts). 
Applied Mechanics 
journal 
Genetics 
Geology 
journal). 
Geophysics 
Atmospheric Chemistry of 
Sulfur Compounds 
Transactions of the 
Union, 
sear h 
Mathematics 
Mathematic 


Abstracts (compilation of 


Reviews (abstracting 


Genetics (primary journal 
Geoscience Abstracts (abstractir 


Chlorine 
monograph). 
American Geophysical 
ind Journal of Geophysical Re 
2 primary journals 


ind 


il Reviews (abstracting journal 
Annals of Mathemati 


al Statistics (primary 
journal 


Handbook of Mathematical Tables (data 
compilation 
Operations research: Bibliography on Opera 


tions Research 
Physics 
Radiocarbon Date Lists (dat 
Journal of Mathematical 
journal). 
Critical Reviews in 
views). 
High Energy Physics 
journal). 
Science (general 
Bibliography of U.S. Abstracting and Index 
ing Services (annotated bibliography 
Arctic Bibliography (abstracting annual 


(annotated bibliography 


4 compilation) 
Physics (primary 


Physies critical re 


Newsletter (primary 


Union List of Periodicals 


i Covered by 12 
Major Abstracting and 


Indexing Services 
Social sciences 
Scientific Papers 


publication 


Franz Boas pr 


imary 


Sociological Abstracts (abstracting journal 

Economic Atlas of the Soviet Union (com- 
pendium 

International Journal of Abstracts: Statis 


tical Theory and Method (abstracting 
journal). 
Zoology 
Directory of Specialists in the Taxonomy of 
Animals. 
Butterflies of the American Tropics: the 


Genus Anaea 
Wildlife Disease 

form). 
Mosquitoes of the South Pacific (monograph 
Catalog of the Nomoptera of the World 


monograph 
primary journal in micro- 


Refund and adjustments... 


Total for fiscal year 1959 


RESEARCH ON 


grants in 
1959 )- 
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support 
Continued 


Institution 


Americar 


Crystallographic $11 








of publications 


Amount 


9 yi) 
Association 
Association for Applied 43, 500 
Solar Energy. 
American Society of Me 5, 000 
chanical En ers 
American Society of Me 0, p00 
chanical Engineers 
Genetics, Inc 5 000 
American Geological Inst 60, 285 
tute 
American Geophysica 3, 5M 
Unior 
American G phy 146, 000 
U nior 
\ er M hen 5 OO 
Societ 
Institute of Mathemati 18, 000 
Statistics 
National Bureau of Stand 40, 000 
irdas 
Case Institute Oo Ie Th 
nology 
American Journal of Scier 2, 950 
American Institute of 64, 800 
Physics 
do 20, 32 
National Research Cou 7, OO 
Library of Congress 10, O00 
Arctic Institute of Nort 25. 000 
America, 
National Federation of 13, SK 
Science Abstractin and 
Indexing Services 
Northwestern University 12, 300 
Brooklyn Colleges AK 
University of Michigan 9, 500 
International Statistical In 16, 20K 
stitute, 
Society of Systematic Zool 6, 400 
ogy 
American Museum of Nat 12, 000 
ural History 
American Institute Bio 11, 274 
logical Science 
University of California 6, 000 
North Carolina State Col 39, 200 
lege 
31, 460 
937, 474 


SCIENTIFIC INFORMATION PROBLEMS 


(Fiscal 


year 


Dats 


Decembe1 
1958 


January 1959, 


January 1959, 
December 


1Y¥58 
October 1958 


December 
1958. 


November 
1958 

Decem bet 
1U58 


February 1959 


Do 


October 1958 
Decembet 
1958 
Do 


Do 


Nove 
1958 

December 
1958 


1959 


mber 


June 


ey 


November 
1Q458 
Do 
December 
1958 


Mr. Yates. We shall insert page 157 in the record, showing that 
the amount for research on scientific information problems is estimated 
at, $1,190,000 this year, which is an increase of $290,000 over 1960. 

(The page referred to follows :) 


at 
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RESEARCH ON SCIENTIFIC INFORMATION PROBLEMS, $1,190,000 








Obligations 
eae anes . o a ; 
| Actual, Estimate, Estimate, 
| fiscal year fiscal year | fiscal year 
} 1959 | 1969 1961 
eee cit Sen L sterrarfestt 
Research on information processing: | 
Information organization and searching - _- $621, 225 | $410, 000 | $520, 000 
Mechanical translation _--_- ; detections ee 154, 350 | 350, 000 | 500, 000 
Subtotal, research on information processing. - os 775, 575 | 760, 000 1, 020, 000 
Studies of information requirements of scientists _- 6, 100 | 100, 006 150, 000 
Research conferences________- ot 0 | 40, 000 20, 000 
cn inna algae eee ia eet 781, 675 | 900, 000 | 1, 190, 00 








All available evidence indicates that scientific and technological information 
is growing in total volume and in diversity of form and subject matter faster 
than it can be effectively collected, correlated, and disseminated. In addition, 
there is a large and growing segment of important research which is reported in 
languages not commonly used by American scientists and engineers. 

The Foundation has established this program to support research directed 
toward at least partial resolution of these scientific information problems by 
the development of high-speed electronic and mechanical systems for handling, 
storing, and retrieving information and for translating scientific texts from 
one natural language to another. The more immediate goals of this program are 
to obtain a deeper understanding of the information requirements of scientists, to 
compare the effectiveness of existing information systems, to devise ways of 
using mechanical aids to help in analyzing and organizinfi scientific informa- 
tion, and to conduct preliminary development of systems for the mechanized 
production of translations. The long-range goals of the program are: The 
development of systems as fully mechanized as possible, for processing, storing, 
and searching through very large volumes of information; and, the mechanized 
preparation of accurate and readable translations of foreign materials into 
English. 

In carrying out this program, the Foundation awards grants and contracts 
for research to university and other research groups as part of its overall mis- 
sion of encouraging a generally greater level of research in the field and of 
achieving close coordination with all interested organizations and individuals. 

Mr. Yates. What is the purpose of this ? 

Dr. Apkinson. The purpose of this is to do research on how to 
handle information. It is largely oriented toward: Can we translate 
mechanically so that we can do it much more rapidly? 

Mr. Yares. The purpose of this program is to try to find out how 
to do your job more efficiently ? 

Dr. Apkrnson. If the chairman wishes, I can show you an example 
of mechanical translation as it stands today. 

Mr. Tuomas. This raises the bill to $11 million. 

Dr. Ankrnson. This is a part of the original total of $7 million. 

Mr. Yares. This example that you have handed us is the way that 
it comes out of a machine? 

Dr. Ankinson. The upper part comes out of a machine; the lower 
part is what a human did. 

Mr. Yates. What savings will this achieve ? 

Dr. Ankinson. If we can get this to work—and the research people 
in the field who know their business think we can—it means we can 
translate half a million words a day inst. id of a few thousand. That 
would be the difference. 

Mr. Tuomas. Let us meet in the morning at 10 o’clock and we will 
try to finish by 1 o'clock so that you can get back to your office. 

‘We thank you for coming up and being so patient with us. 
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Tuurspay, Marcu 3, 1960. 


Mr. Tuomas. The committee will please come to order. 

Let me reiterate about the fine quality of this budget. It is a work 
of art. We have seen a lot of budgets in here every year, but I think 
this is by far the best one we have seen. Do you not agree, Mr. 
Boland ¢ 

Mr. Bouanp. Yes. 

Mr. Tuomas. It is complete and in detail. The staff deserves a lot 
of credit. 

Dr. Waterman. Thank you very much. 


Support OF SCIENTIFIC MANPOWER 


Mr. Tuomas. The first item is support of scientific manpower, 
where you are requesting $69,675,000. 
We will insert into the record at this point pages 172 through page 
179. 
(The pages referred to follow :) 


Support oF ScreNTIFIC MANPOWER, $69,675,000 


Summary—Obligations 


| | Increase (+) 


Actual, Estimate, Estimate, or 
fiscal year fiscal) year fiscal year decrease, 
1959 | 1960 1961 fiscal year 
1061 over 
1960 
* * 
Fellowships.-_-- $13, 070, 838 $13, 100, 000 $14, 000, 000 +-$900, 000 
Institutes for science and mathematics teachers 33, 247, 999 33, 250,000 | 35,000, 000 +1, 750, 000 
Specia il projects in science education-_---- ~-| 8, 040, 905 | 11, 171, 400 11, 300, 000 +128 600 
Course content improvement ; . 6, 030, 325 6, 000, 000 6. 000. 000 0 
Science education and personnel st tuk dies s owl 780, 285 955, 917 | 1, 000, 000 +44 083 
Program development, operation, and evalua- | 
PEPE eee sattheeendeaee  aaitboe 2, 285, 432 2, 258, 115 2, 375, 000 +-116, 885 
a | 64, 355, 784 66, 735, 432 69, 675, 000 2 939. 568 
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SUPPORT OF SCIENTIFIC MANPOWER 
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Support OF SCIENTIFIC MANPOWER 


Obligations by object 


Increase +) 


Actual, Estimate, Estimate, or 
fiseal year fiscal year fisc 4 Veur decrease —}, 
1959 1960 1961 fiscal year 
19691 over 
1960 
01 Personal services: 
Staff ; att pie $687, 422 $891, 000 $928, 000 +-$37, 000 
Consultants and division committees. - 21, 891 34, 000 18, 000 +14, 000 
Subtotal ee i 709, 313 925, 000 976, 000 51, 000 
02 Travel: 
Staff . a! Se 33, 964 53, 000 | 73, 000 +20, 000 
Consultants and division committees_. 18, 615 28, 000 28, 000 0 
Subtotal se tee —_ a‘ 52, 579 81, 000 101, 000 +-20, 000 
03 Transportation of things eed 980 10, 000 11, 000 +1, 000 
06 Printing and reproduction. . 22, 605 27, 000 30, 000 +3, 000 
07 Contractual services 
Administrative se 1, 379, 106 1, 138, 000 1, 186, 000 +45, 000 
Employee life insurance 2 We + (MK ; OM) 0 
Employee health benefits 0 0 7, 000 +-7, 000 
security investment 22, O04 16, OOO LO, 000 5, 000 
Science education nd personnel 
studies 484, 120 575, 917 73, 000 2.917 
Subtotal 1, 887, 476 1, 732, 917 1, 779, 000 +465, 0R3 
O08 Supplies and materials 270 0 0 0 
11 Grants, subsidies, and contributions 
Employees’ retirement 35, 515 47, 000 49, 000 +2. 000 
Fellowships 13, 070, 838 13. 11.0. 000 14, 000, OOF +900, 000 
Institutes 33, 247, 999 3, 250, OO 35, 000, 000 +1, 750, 000 
Speci al projects in science education &, 921, 192 11, 171, 404 11. 300. 000 +198 600 
Course content 6, 030, 325 6. 000. 000 6. 000. 000 0 
Science education and personnel 
studies . c 206, 165 3280. OOO 427. 000 47. 000 
Other 78, 531 9,115 0 9, 115 
Subtotal js ‘ 61, 6890, 565 63, 057, 515 66, 776, 000 +2, S18, 485 
15 Taxes and assessments “ 1, 906 2.000 2 Oo 0 
Total > : 64, 355, 784 6, 735, 432 69, 675, 000 +2, 939, 568 
Percentage distribution of funds by program 
Actu I ima I 
perct percent, per ent 
fiscal year fiscal year fisca ur 
1959 100 1961 
Fellowships 2.3 19. ¢ 2.1 
Institutes 1.7 19.8 0.3 
Special projects in science education 13.9 16.8 16.2 
Course content improvement 9.4 .( 8.6 
Science education and personr tucies 1.2 1.4 1.4 
Program development, operation, d evaluation . § 3.4 $4 
Total__. 100.0 100.0 imo 


The fiscal year 1961 budget distribution reflects the Foundation’s latest 
appraisal on how it can contribute to improving education in the sciences. 
Basically, the level of support provided for scientific manpower programs during 
fiscal years 1959 and 1960 would remain about the same during fiscal year 1961. 
Of the approximate $2.9 million increase ($69.6 million in fiscal year 1961 com- 
pared to $66.7 million in fiscal year 1960), $2.4 million is required to cover 
anticipated increased costs (travel, tuition, dependency allowance, equipment 
allowance, indirect costs, and operating costs), $400,000 is attributed to modest 
program expansion, and approximately $100,000 is for increased administrative 
expenses. 
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Over two-thirds of the support of scientific manpower estimate for fiscal year 
1961 covers two major areas of program activity; namely, institutes (50.3 per- 
cent) and fellowships (20.1 percent). Three other programs (special projects 
in science education, course content improvement, and science education and 
personnel studies), plus support for program development, operation, and evalu- 
ation account for the remaining 30 percent. The funds requested for increased 
program requirements ($400,000) would be used for a moderate expansion of the 
institutes and special projects in science education programs. 

Significant and substantial progress has been made by the National Science 
Foundation in finding ways to meet the mounting problems of education in the 
sciences. Working in close cooperation with the scientific and educational com- 
munities, the Foundation has developed and established techniques and ap- 
proaches which show great promise, Or have already proved their effectiveness. 
Others are still in the exploratory stages and with minor refinements will prob- 
ably take their places among future established programs. 

The Foundation’s present task is twofold : 

(1) To expand these established programs to more effective levels to help 
meet the growing need for improved education and training in the sciences 
within available funds. 

(2) To continue to search for new approaches to the problems which are as 
yet unresolved. 

A number of events, all accelerating at a greater rate than had been expected, 
focus on the need for providing the support for education in the sciences. For 
example, the unprecedented rate of advance in technology which has projected 
this country into the space age, and which could not have been envisaged 5 or 10 
years ago. Among the factors which have been responsible for this progress 
are (1) the investment in basic research which is constantly providing new 
knowledge; (2) the growing resource of scientists and engineers, both in basic 
research and in technology, who have been able to capitalize on new knowledge; 
and (3) the defense and civil needs for the products of science and technology. 

Other fundamental developments which have affected the need for improved 
science education have been parallel and are closely related. For several years 
prior to the launching the first earth satellite, the ability of the American educa- 
tional system to serve a rapidly expanding national need had been under close 
study in many places. There has been growing agreement that the educational 
process as reflected in our public and private systems of education, which had 
been adequate for our national needs in the 1930's, would not be adequate for our 
growing current and future needs. Critical problems of national defense in 
1957 and 1958 focused attention on these problems as a major national issue. 
During 1958 and 1959 a series of reports all pointed to the same general conclu- 
sion that immediate and vigorous steps must be taken to improve the quality of 
education in America. 

Among the general principles agreed upon at the 1958 Parliament of Science 
sponsored by the American Association for the Advancement of Science was the 
following: 

“The primary goal of education is the intellectual development of the indi- 
vidual. The primary need of education is to employ quality and to raise stand- 
ards of teachers, of curriculums, and of what is expected of students.” 

In the assignment of funds for the improvement of education, first priority 
should go to improvements in curriculums, teaching, and the status and salaries 
of teachers. 

Late in 1958, Dr. James Bryant Conant completed his 2-year comprehensive 
study of the American high school. Dr. Conant made a number of recommenda- 
tions for improving public secondary education, “without any radical changes in 
the basic pattern.” Dr. Conant’s recommendations included provision for a 
considerably intensified program of academic instruction for capable high school 
students. 

In the widely heralded report on education of the Rockefeller Brothers Fund, 
“The Pursuit of Excellence—Edueation and the Future America,” the im- 
portance of science education was underscored in these words: 

“The heart of the matter is that we are moving with headlong speed into 
a new phase in man’s long struggle to control his environment, a phase beside 
which the industrial revolution may appear a modest alteration of human 
affairs * * * we need an ample supply of high caliber scientists, mathematicians, 
and engineers. Quantitative arguments over the shortages of these fields are 
beside the point. We need quality and we need it in considerable quantity.” 
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The Foundation’s programs for the support of education in the sciences have, 
since the beginning, emphasized quality. Graduate fellowships have been 
awarded to those applicants who have demonstrated the highest potential; 
grants for summer institutes for high school science and mathematics teachers 
have been made to those institutions whose proposals showed the greatest prom- 
ise of substantial results: grants for course-content studies have been made to 
scientists of the highest caliber who have assembled working groups of scientists 
and science teachers at high levels of competence and who have pursued their 
objectives in a thorough and fundamental way. 

In the period from 1951 to 1958, before there was a general realization that 
science education must be supported at higher levels than had previously been 
thought necessary, the Foundation had available approximately $28 million, or 
an average of $4 million per year, for programs in support of scientific man- 
power. Support at that level, even at that time, was considered by the National 
Science Foundation to be minimal and “experimental” in the light of the general 
evaluation of the problems in science education. 

During fiscal year 1958, after the launching of the first Russian earth satellite, 
it was necessary to reevaluate the national need for improvement of science 
education, and to reestimate the level of support required by the Foundation so 
that the programs in science education could be increased in scope and magni- 
tude—to a level more nearly commensurate with the national needs. The role 
of NSF was always conceived of as a supplementary one, and no suggestion was 
ever made that the Foundation should seek to obtain funds sufficient to solve all 
the recognized problems in science education. However, as was stated in the 
fiscal year 1958 supplemental request, “It is now generally agreed that this Na- 
tion’s programs in science education must be accelerated and expanded.” Sup- 
port, therefore, was increased to approximately $20 million in fiscal year 1958, 
while nearly $64 million was available in fiscal year 1959 for the expansion of 
old programs and the development and launching of new programs. The fiscal 
year 1960 congressionally approved program for support of scientific manpower 
remained at approximately the same level ($66.7 million), as has also the fiscal 
year 1961 request ($69.6 million). 

There is much evidence that the science education programs which the Foun- 
dation has administered in the past are effective. We propose to continue along 
these same general lines expanding our proven programs to new and more ef- 
fective levels, and inaugurating new approaches which show promise of strength- 
ening further the whole structure of science education. 

The Foundation’s activities designed to improve science education are in the 
following basic areas: (1) Identification and motivation of high-caliber students 
in science, mathematics, and engineering; (2) financial support for further train- 
ing for graduate students and advance scholars; (3) supplemental training of 
teachers of science, mathematics, and engineering at all levels in the educational 
system: and (4) the improvement of the subject matter of science instruction. 
In addition, the need for collection, analysis, and evaluation of information 
about supply-demand relationships and about education and training with re 
spect to scientific and technical personnel continues to increase. 

Our national need for the results of scientific research and development con- 
tinues to grow, as does the need for highly qualified workers in scientific and 
related fields. This has increased the pressures on our educational system for 
production of highly trained scientists and technologists beyond all previous 
expectations. It has also increased the urgency to find solutions to the para- 
doxical problem of how to cone with rapidly expanding enrollments without 
losing quality of instruction. There appears to be no doubt that our efforts as a 
nation to bolster science education at its most vulnerable points must be sub- 
stantially accelerated. 

In view of the pressing need for accelerated effort to improve this Nation's 
scientific manpower position, the 4.3-percent increase requested in the fiscal 
year 1961 budget estimate for the support of scientific manpower represents a 
very rominal rise in level of operation (from 866.7 million to $69.6 million) over 
the estimate for fiscal year 1960. The continuing and increased requirements 
of this program are due to a number of factors including: 

(1) Certain “built-in” cost factors which require an increased level of support 
merely to maintain the same program level in fiscal year 1961 as in fiscal year 
1960. Approximately $2.4 million of the requested $2.9 million increase will 
be required to support these “built-in” cost factors. 

(2) The increasing importance of maintaining, and if possible improving, the 
relative international standing of the United States in basic and applied science. 
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(3) The capability of the Foundation to assume more responsibilities as pro- 
gram needs and requirements become more apparent, and as means to effectively 
meet these needs are identified and developed. 

(4) Increasing recognition that much larger problems loom ahead. Popula- 
tion increases with an attendant need for greatly expanded school facilities 
promise to multiply the problems of science education manifold. 

(5) Recognition of the fact that our current educational system, in its normal 
growth and adjustment to postwar conditions, has not in all cases been able to 
keep pace with the growing need for both greater numbers and higher quality of 
workers in certain scientific and technological fields. 

(6) Increased recognition that our national welfare, security, and existence 
depend more and more upon the results of scientific research and development. 

Mr. Tuomas. You are asking for an increase of $2,939,568 over last 
year. In 1959 you had $64,355,784. 

This program in its entirety has not grown in proportion to some of 
your others? 

Dr. WatTeRMAN. No, sir. 

Mr. Tuomas. For fellowships you show in 1959, $13,070,838; a 
slight increase for 1960, and for 1961, $14 million. The estimate is 
for a $900,000 increase over 1960. 

Dr. WATERMAN. I would like to remark this committee saw the im- 
portance of this program before sputnik and acted accordingly. Its 
origin goes gack before sputnik. We really got started then. 

Mr. THomas. You are always gracious and any time you brag on 
this committee we are not going to deny you. 

For the Institutes for Science and Mathematics Teachers, in 1959 
you had $33,247,999. That held at approximately the same figure for 
1960, and this year it has been increased to $35 million. 

Now in three or four of your programs, we are going to need some 
explanation because it looks to me like they are a complete duplication 
of some other parts of your program. 

The first is special projects in science education where you are 
requesting $11,300,000, or an increase of $128,600 over 1960. 

Next, course content improvement. It was $6 million last year 
and this request is for $6 million. 

Then science education and personnel studies. You had $780,285 
in 1959, for 1960 you estimate $955,917 and now you round it out at 
$1 million, or an increase of $44,083. 

Last is program development, operation and evaluation. That is 
your administrative cost. You are requesting $2,375,000, or an in- 
crease of $116,885 over 1960. 


UNOBLIGATED BALANCES FOR SPECIAL PROJECTS 


Now, what is your unexpended balance for “special projects in 
science education” ¢ For 1960 you had $11,171,400. 

Mr. Suerrarp. $1,888 at the end of fiscal year 1959. 

Mr. Tuomas. What are your obligations up to January 1? 

Mr. Suepparp. $4,272,554. 

Mr. Tuomas. What will be your unobligated balance at the end of 
the fiscal year 1960? 

Mr. Suepparp. It will be small again. It will be down to a few 
thousand again this year. 

Mr. THomas. What about your course content improvement? What 
will be your unobligated balance at the end of the fiscal year for that? 
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Mr. Suerparp. We used it all this past ye At the end of De- 
camber we had obligated about $2,196,000. 

Mr. Tuomas. What about your science education and personnel 
studies? What would be your unobligated balance at the end of the 
fiscal year 1960? 

Mr. Suerrarp. We have already obligated 51 percent and I think 
it would be down to a few thousand dollars at the most. The obliga- 
tions for most of these programs occur in one, two or three periods 
during the year when we obligate the major part in a lump sum. 


FELLOWSHIPS 


Mr. THomas. We will now take up fellowships, where you are ask- 
ing for $14 million. We shall insert pages 180 and 181 in the 
at this point, and also page 182. 

(The pages referred to follow :) 


record 


FELLOWSHIPS, $14 MILLION 
SUMMARY 


The fellowship programs of the National Science Foundation are organized 
to identify those individuals at the graduate and postdoctoral levels who have 
the greatest scientific potential and to afford them the opportunity to continue 
their education. 


Obligations—N umber of fellows 


Increase (+ 


Actual, Estimate, Estimate, or 
fiscal year fiscal year fiscal year decrease 
1959 1960 1961 fiscal year 
1961 over 
1¥60 
TYPE OF FELLOWSHII 
Graduate $3, 185, 459 $3, 345, 000 $3. 672. OOK $397 000 
Number of fellows 1 029 1. 100 1 100 0 
Cooperative Graduate : $3. 685. 300 $3. 838. 000 $4. 250. 000 +-$412 000 
Number of fellows v6 1 1 000 1 (ux 0 
Summer fellowships for graduate teaching as- 

sistants $513, 763 $550, 000 $555. 000 +$5. 000 
Number of fellows A63 600 600 0 
Postdoctoral (regular) _- $1, 115, 850 $1. 117. 000 $1. 200. OO L-$83 000 
Number of fellows : 163 163 163 0 
Postdoctoral (senior $767, 584 $850. 000 $850. O00 0 
Number of fellows . 77 80 80) 0 
Science faculty $2, 327, 592 $2, 000, 000 $2. 073. 000 L&73 000 
Number of fellows 207 268 270 19 
Secondary school teachers $1, 475, 200 $1, 400, 000 $1, 400, 000 0 
Number of fellows si 581 550 550) 0 
Total ST $13. O70. R38 $13. 100. 000 $14. 000. 000 + $9000. 000 
Total number of fellows 3, 671 3, 761 3, 763 +2 


As shown by the table above, the fiscal year 1961 fellowship program estimate of 
$14 million is $900,000 or 7 percent above the fiscal year 1960 program. In terms 
of number of fellowships granted, however, the number of fellows remains vir- 
tually the same for both years (3,761 for fiscal year 1960 and 3,763 for fiscal year 
1961). The additional funds are needed to support the same number because of 
an expected increase in average costs per fellow. The estimated average cost 
per fellow in fiscal year 1960 is $3,483. For fiscal year 1961 the average is esti- 
mated at $3,720. The antic iwated increase of $237 per fellow is due to: (1) 
Increases in stipend and dependency allowances, (2) increases in estimated 
tuition and fees, (3) a rise in travel costs resulting from the mileage rate being 
increased from 6 to 8 cents per mile, and (4) increases in average special allow- 
ance costs. 
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Certain significant aspects of the overall fellowship program are presented in 
the tables which follow. Table I depicts the number of applicants and the 
number of acceptances (fellows) each year by type of program since awards 
were made in fiscal year 1952. Since fiscal year 1952 there has been a steady 
increase both in the number of applicants and in the number of awards. The 
major expansion occurred in fiscal year 1959 when the programs of secondary 
school teachers, cooperative graduate and graduate teaching assistants fellow- 
ships were initially offered by the Foundation. Of the 2,323 increase in number 
of fellows in fiscal year 1959 over fiscal year 1958, 2,105 or 91 percent of the 
increase in number of fellows was from these new programs. It is planned to 
maintain approximately the same number of fellowship awards in fiscal year 1961 
as in 1960. 

Table II shows the distribution of fellowship applicants and awards offered 
by type of program for fiscal years 1952 through 1959. By comparing the fiscal 
year 1959 awards shown on tables II and III with the number of acceptances 
(fellows) during fiscal year 1959 as reflected on table I, it will be noted that of 
the total of 3,937 fellowship awards offered 3,671, or 93 percent, were accepted. 
This represented a higher acceptance rate than in previous years (87 percent in 
fiscal year 1958). Table II also shows the scope of the seven fellowship programs 
in terms of numbers of applicants and awards offered in each program. More 
than half of the applicants and awards offered are concentrated in two pro- 
grams—namely, graduate and cooperative graduate. The fiscal year 1961 budget 
request also places major emphasis on these two areas, both in terms of funds 
requested ($7.9 million out of $14) and in number of fellowships to be granted 
(2,100 out of 3,763). 

Table III depicts a summary of awards offered by field of study for fiscal 
year 1959. Of all the applicants for fellowships during fiscal year 1959 only 32 
percent received awards. By field of study the percentage of applicants receiving 
awards were: Life sciences, 28.9 percent; physical sciences, 33.7 percent; social 
sciences, 21.1 percent; and general science, 29 percent. Over two-thirds of the 
applicants (8,488 out of 12,304) were in the physical sciences field of study, while 
most of the rest were in the life sciences (3,344 out of 3,816). It is interesting 
to note that 63 percent of all applicants (7,776) were in 4 areas of the physical 
sciences, chemistry (2,310, of which 31.6 percent received awards), physics (1,903, 
of which 34.8 percent received awards), engineering sciences (1,794, of which 31.1 
percent received awards), and mathematical sciences (1,769, of which 38.9 per- 
cent received awards). 

Mr. Tuomas. You had 3,671 fellowships in 1959, 3,761 in 1960, and 
you increase it by 2 for 1961—3,763. 

How is your program working out generally? What is the value 
of it? 

Dr. WarerRMAN. It is working out very well indeed. We think it 
is of the right order of magnitude. These fellowships are very much 
in demand. They are highly selective, so we are really getting the 
top few in the different fields. It is hi aving the same effect which 
the original fellowships had in the National Academy of Sciences in 
the 1920's, 

Mr. Tuomas. Let me read a paragraph from page 187 in the record 
at this point. 

(The paragraph was read as follows :) 

Program policies.—Section 10 of the National Science Foundation Act (as 
amended by Public Law 86-232) authorizes the Foundation to offer fellowships 
and prescribes certain provisions that shall govern their administration. Among 
the latter are the following: (1) the fellows shall be selected by the Foundation 
solely on the basis of ability; (2) the fellows shall have freedom of choice of 
their institutions from among appropriate nonprofit American or nonprofit 
foreign institutions; (3) when there are several applicants judged to be of sub- 
stantially equal ability and there are insufficient funds to offer a fellowship to 
each, the awards shall be offered in such a way as to achieve an equitable 
geographic distribution; and (4) the awards may be offered for scientific work 
or scientific study in the mathematical, physical, medical, biological, engineering, 
and other sciences. The fellowships awarded under the authority of section 
10 are limited to citizens of the United States. 
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FELLOWSHIPS IN FOREIGN COUNTRIES 


Mr. THomas. Now, how many go to the colleges and universities in 
the United States and how many go to foreign countries? I notice 
that you are spending a little money in Fr ance, Canad: a, and in one or 
two other foreign countries. 

Dr. Ders. Practically all of the predoctoral fellows study in this 
country. The postdoctoral people who are more advanced and who 
can profit from studying overseas go to a number of outstanding 
foreign laboratories. In the regular postdoctoral program roughly 
one-third to 44 percent traditionally have been studying overseas. 

With regard to the senior postdoctoral program, slightly over half 
of the fellows have been studying overseas. 

Mr. Tuomas. What countries are the most popular? 

Dr. Dees. Great Britain; France gets a good many, particularly in 
mathematics; the low countries have outstanding people at Niels 
Bohr’s Institute, and a good many go to CERN in Switzerland, the 
special international research institute there. 

Mr. Tuomas. Repeat that percentage for predoctoral and_post- 
doctoral. 

Dr. Dees. In the predoctoral programs my recollection is that last 
year there were only some 17 NSF predoctoral fellows studying over- 
seas out of more than 2,000, so that would be a fraction of a percent. 

Of the regular postdoctorals, the fraction choosing to study over- 
seas in the last 3 years has been 44 percent. 

Mr. THomas. How many postdoctorals are there this year ? 

Dr. Dees. 163 for the current fiscal year. 

Mr. Tuomas. You set out 80 here rather than 163. 

Dr. Dregs. This is the number of senior postdoctoral fellows. The 
line above deals with the regular postdoctoral program. 

Mr. Tuomas. Yes, 163. About 40 percent of these are overseas? 

Dr. Dees. Our average for the past 3 years has run about 40 per- 
cent of the regular postdoctorals. My recollection is, without having 
the detailed facts before me, that approximately 75 percent of the 
senior postdoctorals have been choosing to study overseas. 

Mr. Tuomas. What isthe motivating factor behind their choice? 

Dr. Dees. Basically the fact that overseas study enables them to 
determine the latest thinking in the very advanced fields in which these 
fellows have been working, “and provides an opportunity for the fel- 
lows to confer with the outstanding scientists overseas that they nor- 
mally would not have an opportunity to confer with here. These 
poopie would normally have an opportunity to talk with their Ameri- 

can colleagues, especially at the national meetings of their own socie- 
ties but they do need the opportunity of talking with their colleagues 
overseas, many of whom are the outstanding people in the world in 
their special fields. 

Mr. Tuomas. I have heard some high-placed Germans lament that 
by virtue of the destruction in World War IT Germany was years and 
years behind the United States and some of the other countries in re- 
search. Does that same general thinking apply to England and 
France? 

Dr. Waterman. They have made a very strong comeback. It has 
not been so true of England because England did carry on pretty well. 
France, of course, was hard hit, but they have comeback quite a bit, 
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and Germany even more. They have been able to outfit their labora- 
tories and provide places to w ork. They have some very good people, 
including Nobel prizewinners. 

Mr. THomas. That is not what the Germans told me last summer. 
They said that they had no funds for research and development, they 
had no funds for equipment—and I mean sizable amounts to put them 
back in the spotlights. 

Dr. WarerMAN. They are not up to our standards on that, but a 
good man will get things done one way or the other. 

Mr. Tuomas. I am just wondering if a little differential in the ex- 
change rate might not add a little luster to the doctorate coming from 
E ngla ind, France, or Germany. I imagine that there is a little ele- 
ment of truth there, but when it comes down to substance does he have 
as much to offer as we do here at home ? 

Dr. WATERMAN. It is different, I think. 

Mr. Tuomas. The difference adds a little luster, but is that difference 
one of substance or luster ? 

Dr. WaTERMAN. Substance. There is something we can get from 
the leading men of the world that we cannot get elsewhere. 

Mr. Tuomas. Are they leading to the extent of 40 and 60 percent 
over the country? That is what your percentages show. 

Dr. WarerMAN. Well, I think, as Dr. Dees says, this 1 is an opportun- 
ity to confer with leading men elsewhere who are really good. They 
an think as well as we, and they are really tops. Our senior people 
can confer with each other in this country at any time. 

Mr. Tuomas. Certainly neither England, France, nor Germany is 
spending in proportion to what this country is spending in the field of 
scientific investigation and research. 

Dr. WarerMAN. I am not sure about that. I think the United 
Kingdom proportionately may be spending at about the same level 
as the United States. 

Mr. Tromas. Do you have any accurate information on what they 
are spending ? 

Dr. WaterMAN. Not at thistime. Dr. Perlman had trouble getting 
in, but he is initiating studies of research and development funds 
abroad. We are getting some information. On the basis of 1956 
data the United Kingdom spent about 1.7 percent and the United 
States 1.8 percent of their gross national product. 

Dr. Ketiy. The added cost of oversea travel for NSF fellows rep- 
resents a very small percentage of the funds used for the fellowship— 
not more than about 3 percent, I believe. 

Mr. Troomas. It might be well be well to put the table on page 185 
in the record at this point. 

(The table referred to follows :) 
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FELLOWSHIP PROGRAMS, FiscaL YEAR 1959 


Summary of awards offered by field of study 


| Awards offered 


Percent 
Total Grad- Second of appli- 
Field appli Coop- uate Post- Post- ary cants 
eants Grad- | erative | teach- | docto- | docto- |Science| school | Total) receiving 
uate grad- | ing rate, | rate, | faculty | teach- iwards 
uate assist- | regular senior ers 
ants 
Life sciences: 
Agriculture. __. 214 4 17 4 2 3 | 6 1 37 17.3 
Anthropology _- 164 16 12 | 10 8 4 l 0 51 31.1 
Biochemistry ____. 387 30) 38 | : 16 ll f 9; 12 31.8 
Biophysics--_-. 60 Q 3 1 4 l 2 0 1) 33.3 
Botany ; 319 17 18 22 6 l 13 12 89 27.9 
General biology 362 10 7 3 2 1 7 87 117 $2.3 
Genetics 169 19 20 8 2 6 2 l 58 34.2 
Medieal sciences 271 11 10 6 10 4 u 0 50 18.4 
Microbiology 206 11 13 8 3 0 7 5 17 22.8 
Psychology - - 385 30 52 29 5 2 4 0| 122 31.7 
Zoology 807 59 48 61 15 7 26 35 251 31.1 
Subtotal_.-__- 3, 344 216 238 165 73 40 83 150 | 965 28.9 
Physical sciences | 
Astronomy-___--- 67 13 5 0 0 0 2 l 21 31.3 
Chemistry -_. ‘ 2,310 |} 201 | 205 162 36 12 32 82 730 31.6 
Earth sciences_._- 633 75 50 39 7 4 4 1] 195 30.8 
Engineering 
sciences _. 1, 794 175 233 59 3 5 &3 0 558 31.1 
Mathimatical 
sciences... _. 1, 769 143 128 | 71 30 6 58 253 fey 38.9 
Physics....... 1, 903 259 78 62 42 13 33 76 | 663 34.8 
General. . 12 0 | 0 | 0 0 0 1 0 1 8.3 
Subtotal. _. 8, 488 R66 799 | 393 118 40 218 423 |2, 857 33.7 
Social sciences 279 18 13 22 3 3 0 0 59 21.1 
General sciences__-. 193 0 0 0 0 0 l 55 i) 29.0 
‘ase... Ee 1,100 1,050 586 104 &3 302 628 |3, 937 32.0 


Mr. Tuomas. This table gives a quick preview of the subjects in 
which they are taking their ‘advance tr: aining—life sciences, physical 
sciences, and social sciences. 


SUMMER FELLOWSHIPS FOR SECONDARY SCHOOL TEACHERS 


Let us take a look at your summer fellowships. The average 
stipend, plus allowance for travel and tuition is, about $2,545. The 
number of awards is 550. How is this program doing? 

Dr. Waterman. This is quite good, Mr. Chairman. 

Mr. Tuomas. Are you taking care of the schoolteachers in the 
summer / 

Dr. Waterman. That is right. This permits them to improve 
their educational background in the sciences during the summer. 

Mr. Tromas. How do you pick these people ¢ 

Dr. Dees. This program is a very successful one, Mr. Chairman: 
for the first time in our teacher-training efforts, this program makes 
it possible for really able teachers with intellectual capacity to take 
advantage of graduate training of standard caliber. The summers 
of study have been averaging slightly over two. We select these peo- 
ple in cooperation with the American Association for the Advance 
ment of Science. They have assembled each of the 2 years that we 
have been selecting these fellows a group of outstanding scientists to 
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go over the complete dockets that each candidate submits. This year 
we had about 2,200 candidates for approximately 500 awards that will 
be made next week. 


SUMMER FELLOWSHIPS VERSUS NATIONAL DEFENSE EDUCATION ACT 
FELLOWSHIPS 


Mr. Jonas. How does this program differ from the National De- 
fense Education Act fellowships program ¢ 

Dr. Drees. The NDEA fellowships are available for the same pur- 
poses primarily that we include in our predoctoral and cooperative 
graduate fellowships programs. The difference lies in the fact that, 
first, the NDEA awards are in all fields, not just science. 

Mr. Jonas. But it includes science. 

Dr. Dees. It includes science. 

Second, the institutions apply for the funds in this case and the 
awards are made basically to the universities. They, in turn, select 
the fellows who are to study with them and the Commissioner of 
Education ratifies the selection made at the institution. 

Mr. Jonas. You follow a different course. You make the grant to 
the individual ? 

Dr. Ders. Yes. 

Dr. Warerman. And this is on a national basis; it is not done by 
the local institutions. 

Mr. Jonas. Is not this a duplication of effort? Should not all be 
consolidated in one for the sake of administrative savings 4 

Dr. Waterman. I would think that the two are complementary 
because the national fellowship program has some advantages; it has 
prestige and one could look at all the people in the country and pick 
out those most capable and give them this type of fellowship. The 
other is important because the institution can select its own. I would 
think there is no bad competition between them. Also, as you know, 
the NDEA oe are oriented strongly toward teaching. 

Mr. Jonas. I do not think that we ought to make the mistake of 
providing educational opportunities only for the gifted students be- 

cause the mediocre, or the middle-of-the-road or the run-of-the-mine 
people are the ones w i run the country. 

Mr. THomas. We pay the bill and we dominate the country. These 
A-plus students do not think so. 

Dr. WarermMan. That is part of our philosophy. We think some- 
thing should be done for both groups, and therefore the two programs 
are complementary. 

Mr. Jonas. You are restricted by your act. You have to put a 
premium on ability ? 

Dr. Warerman. Yes. I think that that is a desirable thing. 
After all, we do want the leaders to come along as well as they do in 
other countries. 

Dr. Ketuy. These are not scholarships. These are for the teachers 
who are going to influence all of the people. The better the teacher 
the better job he can do. 

Mr. Jonas. That is just exactly what the NDEA is for, for the 
teachers. It is not for the student. I just wonder why it would 
not be better to have all of this entire program operated under one 
organization instead of two or three different ones. 
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Dr. Waterman. We keep in close touch with the Office of Educa- 
tion. We each have liaison people who attend. meetings and confer 
with the Commissioner of Education on all of these matters. 


INSTITUTES FOR SCIENCE AND MATHEMATICS TEACHERS 


Mr. THomas. We will now take up “Institutes for science and 
mathematics teachers,” and we shall insert pages 210 through 213 in 
the record at this point. 

(The pages referred to follow :) 


INSTITUTES FOR ScrENCE AND Matuematics TEacuErs, $35,000,000 





Obligations 
Increase (+ 
Actual, Estimate, Estimate, or 
fiscal year fiscal year | fiscal year decrease L 
1959 1960 1961 fiscal year 
| | 1961 over 
} 1960 


TYPE OF INSTITUTE 


Summer institutes: 
Secondary school teachers----- é $19, 617, 618 $19, 250, 000 $19, 900, 00 +S650. OOM 
College teachers: 


A SE se eS A 1, 952, 769 2,000, 000 | 2. 100, 000 +100. OO 
Conferences__....--- | 20, 410 200, 000 300, 000 +- 100, 000 
Technical institute personnel. - ; 67, 600 100, 000 100, 000 0 
Elementary school personnel. sales 470, 300 500, 000 500, 000 ( 
a ata 22, 368, 697 22, 050, 000 22, 900, 000 +850, 000 
Academic-year institutes: 
Secondary school teachers. -_- &. 799. 450 9, 000, 000 9, 700, 000 +700. OOF 
College teachers... --- sii j 138, 200 | 140. 000 340. 00K +200, 000 
ENE.) ee ee cae Rico 8, 937, 650 9, 140, 000 19. 040, 000 900. OO 
In-service institutes 
Secondary school teachers ‘ : gix 1, 861, 052 2. 000, 000 2. 000, 000 ) 
Elementary school personnel.-.------ 80, 600 60, 000 60, OO 0 
St ts scat: decline wthdhiere tie nea penibie | 1, 941, 652 2, 060, 000 2, 060, 000 0 
i ee ee ee 33, 247, 999 33, 250, 000 35. 000. 000 +1. 750. 000 





As reflected in the table above, the fiscal year 1961 institutes program budget 
request of $35 million is $1,750,000, or 5.2 percent above the fiscal year 1960 
program. One million three hundred and fifty thousand dollars of this increase 
is in the summer and academic year institutes programs for secondary school- 
teachers. The number of institutes and participants requested for support in 
fiscal year 1961 under these programs is the same as the number budgeted for 
in the fiscal year 1960 program. The additional funds ($1,350,000) are needed 
to cover increased costs including (1) approximately $700,000 for indirect cost 
allowances to participating institutions, (2) $550,000 for increased travel, tuition, 
dependency allowance and equipment allowances costs for institute participants, 
and (3) $100,000 for the additional costs of institute operation and instruction, 
especially staff salaries. 

The remaining $400,000 estimated increased for fiscal year 1961 (in addi- 
tion to the $1,350,000 explained above) is in the summer and academic year 
institutes programs for college teachers. Two hundred thousand dollars of 
this amount is in the summer institutes and conferences for college teachers 
program, of which $125,000 will provide for an increase in the number of 
teacher participants, and $75,000 will be required to cover increased costs. The 
remaining $200,000 increase will provide training in the academic year insti- 
tutes for about 57 college teachers in fiscal year 1961 (compared to 25 in fiscal 
year 1960), at an average cost of $6,000 per teacher. Of this amount, $175,000 
is needed to support the increased number of participants, and $25,000 to pro- 
vide for increased costs. 
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The following table is a summary of the budget estimate by educational 
level of the various institutes for science and mathematics teachers: 





Obligations 
| | y 
| | Increase (+) 
Actual, | Estimate, | Estimate, | or 
fiscal year fiscal year fiscal year | decrease (—), 
1959 | 1960 1961 fiscal year 
1961 over 


1960 


Secondary school teachers: 


Simmer institutes $19, 617, 618 | $19,250,000 | $19, 900, 000 +650, 000 


Academic year institutes | 8, 799, 450 | 9, 000, 000 | 9, 700, 000 | +700, 0v0 
In-Service institutes_- 1, 861, 052 | 2, 000, 000 2, 000, 000 0 
Subtotal... 5 30,278,120 | 30,250,000 | 31,600,000 | +1,350,000 


College teachers: 


Summer institutes. 1,952,769 | 2,000, 000 2, 100, 000 | +100, 000 
Summer conference - . - - 260, 410 200, 000 300, 000 +100 000 
Academic year institutes | 138, 200 | 140, 000 | 340, 000 +-200, 000 
Parr ‘ aT ie Tt Te 

Subtotal... 2, 351, 379 2, 340, 000 | 2, 740, 000 


+40u, 000 


Technical institute personnel: Summer insti- | | 
tutes ; ; 67, 600 100, 000 100, 000 | 0 


Elementary school personnel: | | 


Summer institutes. .- | 470, 300 | 500, 000 500, 000 0 

In-service institutes - 80, 600 | 60, 000 60, 000 0 

Subtotal - - - 550, 900 560, 000 560, 000 0 

| — } — = -| ——_—_—_——— ————— = 

Total....- lie ace seek 33,247,999 | 33, 250, 000 35,000,000 | +1, 750,000 
| | 





Program objectives and needs.—The National Science Foundation Institutes 
program is designed to improve the effectiveness of teaching in science, mathe- 
matics, and engineering, in American schools, colleges, and technical institutes. 

Many of our teachers, particularly those engaged in elementary and secondary 
school education, are poorly equipped to teach the mathematics or science for 
which they are responsible in the classroom. They do not have the background 
to handle the subject matter they are teaching. Generally, they know “how” to 
teach but all too frequently they do not know “what” to teach. Too often they 
are assigned courses to teach outside the area of their specialty, and without op- 
portunity to become proficient in them, instruction must suffer. Frequently, 
teachers although initially well prepared, do not have time to keep pace with the 
rapid advances of mathematics and science. Heavy teaching loads carried dur- 
ing the academic year, and the necessity for supplementing their income by 
working at outside jobs in the summers, have made it extremely difficult for 
teachers to become or to remain competent in their assigned subjects. 

Effective teaching comes only after the instructor has mastered his subject. 
The more a teacher knows about his field, the more he will be able to stimulate 
his capable students and to direct their interest toward intelligent consideration 
of careers in mathematics and science. 

In the past, even if a teacher had the time and could afford to go to summer 
school, he would have found few courses available in mathematics or science 
designed to meet his special needs. Today, in large part as a result of the in- 
fluence of institute programs, there is an increasing effort on the part of colleges 
and universities to establish programs to improve the quality of the mathematics 
and science teaching in our schools. 

The institute programs seek to improve the quailty of teaching by providing 
funds for (1) the major costs of construction and management of courses that are 
specifically designed to meet the needs of teachers, and (2) financial assistance 
to teachers so that they may enroll in the courses. 

Operating procedures.—The individual institutes of the various kinds are de- 
signed by colleges and universities, sometimes in cooperation with profes- 
sional societies. Their plans are outlined to the National Science Foundation in 
“proposals’’—outlines of the proposed projects, descriptions of the staffs and 
facilities through which they would be implemented, and budgets detailing the 
amounts of money that would be needed. The proposals are evaluated individ- 
ually for the Foundation by panels of academic scientists and mathematicians 
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who are noted for their teaching and research, plus outstanding high school 
teachers, professional educators, and industrial scientists and mathematicians, 
The panelists make recommendations as to those proposals which they consider 
to be most worthy of support and most likely to accomplish the desired aims. On 
the basis of those recommendations, the Foundation staff selects proposals to 
be supported. Grants are made to the colleges and universities selected, with the 
overall distribution being made in such a manner as to provide geographic and 
subject matter balance within the limits of the funds that can be assigned to 
each academic level. 

Once the Foundation agrees (on the basis of the proposal submitted) to sup- 
port an institute, the host institution operates the institute without detailed 
guidance from the Foundation. The organization, administration, and presena- 
tion of the institutes are the responsibility of the host institution. The selection 
of participants is made by the staff of the institute. General rules regarding 
courses or programs (for example, subject matter rather than methods), distri- 
bution of grant funds, and applicant eligibility, are provided by the Foundation. 

Type and scope of program.—There are three principal types: Summer, aca- 
demic year, and inservice. Summer programs of from 4 to 12 weeks are called 
summer institutes, while those shorter than 4 weeks are called summer con- 
ferences. Academic year institutes and inservice institutes meet throughout the 
usual school year, and the former may include summers as well. Teachers en- 
roll full time in the academic year institutes, hence must leave their teaching 
duties in order to participate. Inservice institutes meet evenings or Saturdays 
during the academic year, and are designed so that teachers in a local area 
ean attend without interruption of teaching duties. 

The National Science Foundation-sponsored institutes began in fiscal year 
1953 with two summer institutes for college teachers. The program was im- 
mediately ‘successful, and the continuing evidence of success has resulted in 
rapid expansion. Institutes for high school science and mathematics teachers 
have been provided since fiscal year 1954; general enthusiasm for these has led 
to continued emphasis on the provision of such special training opportunities 
for high school teachers. The fiscal year 1961 program will make it possible for 
approximately one-fifth of the secondary school science and mathematics teachers 
in the country to participate in an institute, and will provide further training 
for about 2,500 college teachers. 


Mr. Tuomas. For this item you are making a request for $35 mil- 
lion, which is an increase of $1,750,000 over last year. 

You have a good many programs shown here. This is one program 
that the committee is certainly wholeheartedly going along with you 
on. 


INSTITUTES AND PARTICIPANTS 


Generally, how is the program working out? We shall insert pages 
214 and 215 inthe record at this point. 
(The page referred to follows :) 
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Institutes and participanis 


Increase (+) or 

Actual, fiseal Estimate, fiscal | Estimate, fiscal | decrease (—), 
vear 1959 year 1960 year 1961 fiscal year 

1961 over 1960 


Num- | Num Num Num Num- | Num Num- | Num- 
be: of | ber of ber of ber of ber of ber of ber of ber of 


instil partic- instl- partic insti- partic- insti partic- 
tutes ipants tutes ipants tutes ipants tutes Ipants 
Secondary school teachers 
Summer institutes 318 17, 000 $40) 17, 000 340 17, 000 0 0 
Academic vear institutes 32 1, 600 33 1, 600 33 1, 600 0 0 
In-service institutes 18] 9, 000 190 9, 500 190 9, 500 0 0 
Subtotal 531] 27, 600 563 | 28, 100 563 | 28, 100 0 0 
College teachers 
Summer institutes 30 1, 800 38 1, 800 39 1, 850 +4] +50 
Summer conferences 20) 550 15 415 22 620 17 4-905 
Academic year institutes 0 1 25 0 25 l 1 57 1 +32 
Subtotal 50 2. 375 ; 2, 240 62 2, 527 ig 4287 
Technical institute personnel: Sum 
mer institutes 2 65 2 Rt) 2 80 0 0 
Elementary schoo! personnel 
Summer institutes 12 515 12 515 12 515 0 0) 
In-service institutes ll 350 10 300 10 300 0 0 
Subtotal 23 865 22 B15 22 R15 0 0 
Potal 606 | 30,905 640 | 31, 235 649 | 31, 522 +9 +287 


1 Includes college teachers participating in institutes primarily for secondary school teachers. 


The budget requested for institutes for fiscal year 1961 will permit the 
benefits of institute participation to be extended to about the same number of 
teachers, and will thus make possible through these teachers improved science 
education for their students. It should be noted that the proportion of secondary 
school teachers participating in institutes will not keep pace with the total 
number of science and mathematics teachers in the country : 


Fiscal year | Fiscal year 


1960 1961 
| 
es ry e = } 
Number of secondary school science and mathematics teachers attending insti 
tutes 28, 100 28, 100 
Number of mathematics and science teachers in U.S. secondary schools 150, 000 | 159, 000 
Percentage attending institutes (no allowance for duplication 18.7 | 17.7 


The requested budget will permit an increase of about 13 percent in the num- 
ber of college teachers participating in institutes. This increase is particularly 
significant because this additional and up-to-date training of college teachers is 
largely reflected in the basic training of prospective secondary schoolteachers 
who are among their students. 

No increases have been projected for fiscal year 1961 in the experimental pro- 
grams for the supplementary subject-matter training of either elementary 
schoolteachers or teachers in technical institutes. 
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A more detailed explanation concerning the budget requests for each category 
of institute supported by the National Science Foundation follows: 

Mr. THomas. You had 606 institutes in 1959. It goes up to 640 in 
1960, and to 649 in 1961. That is an increase of nine. 

Now, are all of these participants teachers ? 

Dr. Drrs. Yes. 

Mr. Tuomas. In 1959, 30,905 participated. The number increased 
in 1960 to 31,235, and you increase that number by 287 for 1961, ora 
total of 31,522. 

What is the length of time, 6 weeks, 8 weeks, 10, or 12% Do some 
go fora year? 

Dr. Dees. In the summer institutes the average length of time has 
been about 7 weeks on the whole, but this varies from 4 weeks as a 
minimum up to a maximum of about 12 weeks in some institutions. 

Mr. Tuomas. How many go for a year 

Dr. Ders. The total number this year, for example, is 1,600 in 
the academic- year institutes with all this group being high school 
teachers except for a total of 34, as I remember, who are pe ople from 
teacher-training institutions that have been especially brought into 
this program because of the effect on their teaching in their own 
home institutions. 

Dr. WaterRMAN. There are 33 institutes with 1,600 participants. 

Mr. Tuomas. Break this $35 million down. How much is for 
stipends and how much is for subsistence, travel? How much do you 
pay to the institutions that are giving these courses for a period 
ranging from 4 to 8 weeks? 

You have a footnote A here. What does the “A” refer to? 

Dr. WaterMAN. College teachers participating in institutes pri- 
marily for secondary school teachers. 

Mr. Tomas. What is the number of teachers who participate for 
12 months? 

Dr. Ders. 1,600. 

Mr. Tuomas. For the whole year ? 

Dr. Ders. Right. 

Mr. Tuomas. Out of a total of 31.235. Break down the cost right 
quickly for us. 

Dr. Dees. For the typical institute, according to our analysis of 
this year’s group of proposals, the total for support of participants 
is $47,369. The tot P operational cost to the institution is $17,219. 
The average total support to be paid to each participant in this typical 
mstitute, which is for 7144 weeks, is $894. The total cost for one par- 
ticipant for the period is $1,222. 

Mr. Tuomas. Break it down as to the administrative cost per college 
and your travel and stipend cost and subsistence cost. 

Dr. Dees. The stipends would represent $29,813. 

Mr. THomas. Out of your total - $35 million ? 

Dr. Dees. I beg your pardon, s Iamsorry. Ihave here only a 
sheet that gives the cost of a typic i summer institute. 

Mr. Tuomas. Give us that, a typical institute. 

Dr. Ders. $29,813 for stipends. 

Mr. Tuomas. And how many people are going to enjoy that? 

Dr. Dees. 53. $14.906 for allowances for depende nts; $2.650 for 
travel allowances; and these three figures make up the $47,369 that I 
have given you. This is the total then for the support of participants. 
In the typical institute this would be 53 participants. 
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Mr. Tuomas. And around $900 each ? 

Dr. Dergs. $894. 

Mr. Tuomas. We will not quibble over $6. 

What are you paying to the universities or colleges for their services ? 

Dr. Ders. Again, speaking in terms of this typical institute, 
$17,219. 

Dr. Waterman. This covers the instr ucting staff as well as the ad- 
ministrative funds. 

Mr. Tuomas. What do you permit the institution to make out of 
this $17,219? 

Dr. WArerMAN. This is nonprofit, of course. 

Mr. Tuomas. What do you mean by “nonprofit?” What costs do 
you permit them to charge into that tot: al of $17,219 ? 

Dr. Dees. We have 11 categories that are permissible under the 
heading of direct costs. The first is the cost for the director—the 
man really i in charge of the institute. You might compare him with 
the dean of the summer school in the sense that ‘he is in charge of this. 

Then there is the staff cost. 

Then there are special lecturers who constitute an important auxili- 
ary to the staff. 

Then there are secretarial and clerical costs. 

Then there are assistants, people who help to run the laboratory, 
and then the usual social security retirement, etc., which is a small 
percentage, 

On the administrative side wholly, office supplies, printing, the 
necessary publicity concerning the program at the local level, expend- 
able laboratory materials, field trips for the participants, the univer- 
sity or college health service fee, and miscellaneous direct costs which 
are again a small fraction in the typical institute. 

On the basis of this series of items that I have just enumerated, 
the direct costs total $14,973 

Mr. Tuomas. Out of the $17,000 you say that the institutions will 
have a direct cost of $14,973 ? 

Dr. Ders. That is right, and we allow 15 percent of that amount, 
not 15 percent on the stipend, so the total to the institution, as best we 
have been able to adjust, in all of these cases—and this is one of the 
things the staff works on extremely hard, to see to it that this is a no- 

gain, no-loss operation for the institution— 

Mr. Tuomas. You allow them a cushion of about 15 or 20 percent 
then of their direct cost ? 

Dr. Ders. 15 percent. 

Mr. Jonas. In this program you are in competition with the NDEA. 
Are they not doing exactly the same thing? 

Dr. Keuiy. No, sir. 

Mr. Jonas. They just gave me a news release that I sent out to my 
schools inviting applicants. 

Dr. Keizy. For language studies. 

Mr. Jonas. I thought it went beyond language study. 

Dr. Ketty. We do know about the language and the counseling 
features. 

Dr. Dees. As a matter of fact, the NDEA act specifies their in- 
stitutes are to be in language and counseling. 

Mr. Jonas. Restricted to that ? 
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Dr. Dregs. Yes, because it makes reference to the National Science 
Foundation’s summer institutes for science and mathematics. 

Mr. Jonas. The program in their justification to us on the defi- 
ciency hearing a few weeks ago was entitled, “Science, Mathematics, 
and Foreign Language Instruction.” 

Dr. Ders. Yes. This is a little different, because they do have a 
sizable amount of money in title 3. 

Mr. Jonas. $59 million. 

Dr. Dress. For aid to the States in the purchase of science teaching 
equipment for the high schools of the country. This is quite different 
from the teacher training institutes. 

Dr. Waterman. Our program antedates that NDEA program by 
quite a few years. As you know, this goes back some time. When the 
other was started there was full cooperation between our office and the 
Office of Education on setting it up. 


SUMMER INSTITUTES 


Mr. Tuomas. Summer institutes appear on page 216, and we shall 
insert in the record at this point pages 216 through 222. 
(The pages referred to follow :) 


SuMMER INstTiTuTEs, $22,900,000 


Obligations 
Actual, Estimate Estir 
fiscal year fiscal year fhis« yea 

L95Y 1060 Or 
Secondary school teachers $19, 617, 618 $19, 250, 000 $19. 900. 000 
College teachers . : 2, 213, 179 2, 200, 000 2, 400, 000 
Technical institute pers sonnel 67, 600 100. 000 100. OO 
Elementary school personnel 470, 300 500, 000 500, 000 
a a : 22, 368,697 | 22.050, 000 22 900), OOO 


The development of Foundation-sponsored summer institute activity is indi- 
eated in the following table: 


Number of | Participant 





Fiscal year Type institutes supported provi 
by NSF by 
1953 College 2 42 $21, 200 
1954 Secondary school 1 2 10. 000 
College 3 71 40, 500 
1955 Secondary school 6 126 59, 000 
College 5 173 75, 000 
1956 Secondary school 18 750 380, 000 
College 7 450 235, 000 
1957 Secondary school.. 91 4, 800 5, 055, 000 
College 5 300 278. 000 
1958 ..| Secondary school 121 6, 200 6, 400, 000 
College... 5 300 285, 000 
1959 Secondary school 318 17, 000 19, 600, 000 
College institutes 30 1, 800 1, 950, 000 
College conferences 20 550 260, 000 
Technical institutes 2 65 68, 000 
Elementary 2 515 470, 000 
1960 (estimate Secondary school 340 17, 000 19, 250, 000 
College institutes. +s 1, 800 2. O00, 000 
College conferences 15 415 200, 000 
Technical institutes 2 RO 100, 000 
Elementary 12 51S 00, 000 
1961 (estimate Secondary school 340 17, 000 19, 900, 000 
College institutes ay 1, 850 2, 100, 000 
College conferences. 22 120 300, 000 
Technical institutes 2 80 100, 000 
Elementary 12 515 00, 000 
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Through 1959, more than 33,000 summer institute stipends have been awarded 
to science and mathematics teachers since the first National Science Foundation- 
supported institutes were established in 1953. It is estimated that these sti- 
pend went to at least 25,000 different individuals. Hence, about one-sixth of 
the secondary-school science and mathematics teachers in the Nation had par- 
ticipated in a summer institute by the end of 1959. 

From two in fiscal year 1953, the number of summer institutes sponsored by 
the Foundation had grown to 126 in fiscal year 1958, and 382 in fiscal year 
1959. Although the fiscal year 1960 budget is slightly smaller than that of 
fiseal year 1959, a total of 407 institutes will be supported by these funds, be- 
cause many of the institutes have been planned for smaller numbers of par- 
ticipants. The total number of praticipants has remained essentially constant. 

Funds requested for fiscal year 1961 will provide for a total of about 415 
summer institutes, with the only increase being for 8 additional conferences and 
institutes for college teachers. Based on previous years’ experience, it is 
estimated that the number of individual teachers who will apply for institute 
participation in fiscal year 1961 is likely to be at least 3 times as many as the 
number of stipends (20,000) that will be available. 

Summer institutes have proved to be remarkably successful in their immedi- 
ate, fundamental purpose: improving the mastery of subject matter by science 
and mathematics teachers in order that their classes can be better taught. 
They are also proving to be effective in encouraging colleges and universities 
to provide programs suited to the needs of teachers, Some new degree pro- 
grams designed for teachers have been established. 

Reasons for the success of the summer institutes include the following: 

1. The institutes provide subject matter centered instructional oppor- 
tunities specifically designed to meet the needs of teachers; 
2. Teachers recognize that they need the subject matter provided; 
3. The institutes are available at a season of the year when it is possible 
for teachers to attend without interrupting their own instructional duties; 
4. The available financial support makes such attendance possible; 
5. The financial support available to the host institutions makes it pos- 
sible for them to offer especially designed programs ; 

6. Because host institutions are allowed considerable freedom in develop- 
ing and conducting programs which they consider will be most productive 
and within their capabilities, many new and imaginative approaches to the 
further training of inservice teachers have resulted from the program; 

7. In the summer, staff members and campuses are available for the 
institutes. 

For the summer institutes, the Foundation provides funds for participant 
support, and instructional and management costs for the institutes and an 
allowance for indirect costs. Beginning in fiscal year 1961, a limited allowance 
will be provided for permanent equipment needed by host institutions to im- 
prove the institutes. 

The support given each stipendholder includes a stipend of not more than 
$75 per week, a dependency allowance of not more than $15 per week for each 
dependent up to a maximum of four, and a travel allowance for one trip from 
home to institute and return. 

Institute enrollment is not limited to stipendholders. Other individuals, 
acceptable to the institute staff, can be admitted so long as their number is 
not so great as to diminish the effectiveness of the institute. 

A typical summer institute is 6 or 8 weeks in length and has about 50 stipend- 
holders and several nonstipendholders. It may offer work in a single science 
or mathematics area, or it may include offerings in several subjects. Prominent 
Visiting scientists supplement the local staff. The institute ordinarily provides 
seminars. lectures, etc., in addition to specially designed courses. Also, it 
ordinarily provides considerable opportunity for informal discussions between 
registrants. and between registrants and staff, both in and out of classrooms. 
These discussions and group learning are encouraged through housing registrants 
(and staff) in an area set aside for them, through group meals, and through 
informal activities such as field trips, special lectures, etc. The benefit is greatest 
when the registrant group is coherent, having similar problems and enrollment 
in a common program, but come from different regions or sections of the country, 
so that developments in each section can become available to others. 

The first summer institutes supported by the National Science Foundation 
were for college teachers; since fiscal year 1956 most of the institutes have, 
however, been designed to meet the needs of secondary-school teachers. 
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Swmmer institutes for secondary-school teachers of science and mathematics.— 
From the fiscal year 1960 appropriation, 340 summer institutes for secondary- 
school teachers will be supported at some 265 institutions; 23 of these institutes 
admitted college teachers also. In most cases the period of attendance will be 
from 6 to 8 weeks, but in some instances it will be as long as 12 weeks. A total 
of 17,000 secondary-school teachers will receive stipends. Of the grants to these 
340 institutes, the major portion will be used to support the teacher-participants, 
who during the summer would otherwise ordinarily have been employed outside 
of academic fields in order to supplement their incomes. 

The amount requested for fiscal year 1961 is based on an estimated 540 summer 
institutes with 17,000 participants and direct costs of institute operation. In 
addition, the estimate includes an allowance for indirect costs; and a small 
allowance for permanent equipment. 


Breakdown of fiscal year 1961 budget request for summer institutes for secondary 
school teachers 


I i te alles _._. $19, 250, 000 


a cemempnsemntneinedbicciinrpetel 550, 000 
| rr a aR 100, 000 
a a a a ee 


Indirect costs—Study of the proposals for summer institutes submitted in 
fiscal year 1959 and fiscal year 1960 indicates that the allowances for indirect 
costs will amount to about 3 percent of the total amount of support granted, 

Permanent equipment.—The program of summer institutes is one that involves 
many small colleges. These institutions frequently do not have regular labora- 
tory classes in science as large as the institute sections. There is need for the col- 
leges to be given funds for necessary permanent equipment, such as microscopes, 
balances, etc., adequately to enable the institute participants to do individual 
laboratory work. The $100,000 requested represents approximately one-half of 
1 percent of the budget request for the program. On the assumption that one- 
half of the institutes supported would request equipment grants, approximately 
$600 is budgeted for each of 170 institutes. Adequate justification of requests 
for funds for the purchase of permanent equipment will be required in a separate 
section of the proposals. 

The amount requested for summer institutes in fiscal year 1961 includes no 
allowance whatever for increased costs, such as higher faculty salaries or 
increased costs of materials. Salaries will very likely be higher than in previous 
years. If they are higher, the amount allotted to permanent equipment will in 
all likelihood be correspondingly reduced, since the only alternative would be 
to reduce the number of institutes or the number of participants. 

Summer institutes and conferences for college teachers of science, mathematics, 
and engineering.—The need for aid in improving teachers’ mastery of science 
and related subjects is by no means limited to teachers at the secondary school 
level. College teachers usually begin with a greater background and deeper 
understanding of subject matter than do secondary school teachers. But they 
must teach more intensive and higher level courses than do the secondary school 
teachers. The same factors of heavy loads and low salaries, particularly in 
the smaller colleges and in junior colleges, have operated over the years to 
result in deficiency of subject-matter mastery, exactly as in the case of secondary 
school teachers. College teachers ordinarily are not required to teach the 
disparate variety of courses demanded of secondary school teachers, but they 
must teach various courses in limited fields. It is even more necessary for 
college science teachers to be abreast of recent developments. 

Many college teachers are needed to staff the summer institutes for secondary 
school teachers and to teach summer schools. The Foundation program for col- 
lege teachers therefore provides summer conferences (less than 4 weeks in dura- 
tion), in addition to the usual summer institutes (4 to 12 weeks in length). The 
shorter conferences are often especially advantageous for consideration of 
specialized but relatively limited topics in science or related fields, or recent 
advances in a particular area. 

In fiscal year 1961, an increase of $200,000 has been requested for this pro- 
gram over the fiscal year 1960 funding level ($2,400,000 in fiscal year 1961; 
$2,200,000 budgeted for fiscal year 1960).. Most of this additional request for 
funds would be used to support a moderate increase in the numbers of partici- 
pants in institutes and conferences for college teachers during fiscal year 1961. 
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Such an increase is in line with the Foundation’s conviction that many science 
and mathematics teachers in junior colleges, community colleges, teachers’ col- 
leges, and the smaller liberal arts colleges need additional help in improving 
their mastery of the subjects they teach, and in line with the Foundation’s 
expressed interest in strengthening this area. Specifically, 39 summer insti- 
tutes and 22 summer conferences are planned particularly for college teachers 
in fiscal year 1961. Approximately 1,850 institute stipends (some of these would 
be in institutes attended also by secondary school teachers) and 620 confer- 
ence stipends would be provided for college teachers. Of the $200,000 in addi- 
tional funds requested for this program, $125,000 would be used to support 
the increased number of teacher participants, and $75,000 would be required 
to cover increased indirect costs. 

Summer institutes for technical institute personnel.—The lack of competent 
subprofessional assistants is one of the serious limitations in many areas of 
scientific research and in the development of technological advances. Specialists 
who can perform somewhat routine but exacting tasks in the preparation and 
performance of scientific experiments, in the intelligent recording of data, and 
in the maintenance and operation of complex equipment, are of inestimable 
importance. Many junior and even senior scientists are preoccupied with tasks 
which could be handled by well-trained technicians. 

Increasing numbers of technicians are being trained in specialized 2-year, post 
secondary curriculums offered in technical institutes and some junior colleges. 
Faculties for these curriculums are being drawn from many sources, and many 
of these staff members need additional training to enable them to instruct their 
students effectively in the highly specialized courses characteristic of these 
eurriculums. This additional study can best be provided through summer in- 
stitutes designed for the purpose, since the needs of staff members in technical 
eurriculums differ markedly from those of secondary school and college sci- 
ence and mathematics teachers. 

These summer institutes are organized and administered in a manner similar 
to the institutes for secondary school or college teachers. 

The first two summer institutes—actually a summer institute and a shorter 
summer conference—for technical institute personnel (including junior college 
teachers in technical curriculums) were held in fiscal year 1959. The total 
costs were $68,000 and there were 65 participants. Two longer summer institutes 
are planned for fiscal year 1960, with a total budget of $100,000. For fiscal 
year 1961, again two institutes are planned, with a requested total budget of 
$100,000. 

Summer institutes for elementary school teachers and supervisors.—One vital 
area which must be strengthened if we are to be successful in improving the 
teaching of science and mathematics lies virtually untouched. This is in the 
elementary schools. 

Studies show that elementary school children ask more questions about 
science than any other subject. Their interest in the field is enormous. How- 
ever, the typical elementary school teacher has a meager background in science, 
and is unable to answer the questions. Her own feelings of insecurity in the 
subject add to the difficulty. The subject is poorly taught, if not shunned 
completely. By the time children reach secondary schools, many have lost 
all interest in science, convinced that science is difficult and not for them. 
Many fear the science and mathematics courses they must take. Many potential 
scientists of high ability are lost to the field and to the Nation. Adequately 
prepared secondary school teachers can help in some measure to overcome this 
difficulty, but it is important to remember that much of the trouble is generated 
in the elementary schools. 

That mathematics commonly is inadequately taught in the elementary schools 
has been recognized for years. The teaching of science and mathematies in 
the elementary schools must be improved. A major contribution to this im- 
provement can come only through improving the competence of the teachers. 
The teachers have already studied methods of teaching. Their deficiency 
most commonly is lack of knowledge in science and mathematics. 

The problem is enormous. There are nearly 1 million elementary school 
teachers and supervisors in the country. Many lines of attack must be tried. 

As one means of approaching this serious problem in the elementary schools, 
the Foundation supported an experimental program of 12 summer institutes 
for approximately 500 elementary school supervisors and key teachers in fiscal 
year 1959 at a cost of $470,000. A pilot program of similar magnitude will 
be provided in fiscal 1960, and again in fiscal year 1961. 
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Mr. Tuomas. You are requesting $22,900,000 for summer institutes, 
There is an increase of $850,000 this year over last year. There is 
quite a bit of detail as to the costs and so forth. How is this program 
working out? 

Dr. Drgs. This is the oldest of the institutes’ programs. 

This has had the strongest favorable reaction of any of our pro- 
grams as far as the total number of people that have been enabled to 
gain training is concerned—and therefore the total number of stu- 
dents who have benefited from the teacher improvement that has 
resulted. 

We have carried out a number of studies that invariably indicate 
the program is accomplishing what it was set up to do. It has had a 
great deal of commendation from all over the country. 


SUMMER INSTITUTES FOR COLLEGE TEACHERS 


Mr. Botanp. With peeeewe e to college teachers you are requesting 
$2,100,000 for the fiscal year 1961. W hy do you get into the field of 
teaching college teac hers? 1 can understand teaching the secondary 
school teachers and that is where you spend the $19,900,000. But 
why do you get into the field of college teachers? I would not think 
that a college would want anyone as a teacher if they could not in- 
struct. Somewhere in here I thought that I saw a reference to the 
fact that we are woefully inadequate and have teachers that do not 
know how to teach, college teachers in mathematics and science. Do 
you not say that somew here? 

Dr. Waterman. The answer is they need it. This country has a 
great variety of institutions. There is a very interesting situation 
at the small college. The studies have shown that certain small col- 
leges, on the order of 10 percent, are doing an amazing job of turning 
out good scientists and engineers who go on to graduate schools at 
larger universities. Some colleyes have been neglecting science 
rather badly. This is aggravated a little bit by the fact that indus- 
try wants scientists so much that it is taking competent people away 
from the colleges—and the smaller institutions are the ones who are 
vulnerable because their salaries are not high. Many college science 
teachers do need the training. They admit it. That is not just our 
finding. They want it. 

Mr. Yares. I think that industry might be approached to find out 
whether they would loan some of their scientists for teaching in 
college. 

Dr. Waterman. We have had this subject under discussion and I 
think that industry would be quite willing to help out. We have also 
tried an experimental program of taking military officers who retire 

arly who have been in research and development work and training 
them for teaching. A number of them have gone into that. These 
are ways by whic h you can add to the teac hing profession. 

Dr. Ketty. May I add to that? It has troubled us quite a bit. 
There is a very serious problem here mostly resulting from the rapid 
enrollment in colleges. There is a severe shortage of teachers in 
science, mathematics, and engineering in our colleges due largely 
to increasing college enrollments and also due to the rapid acceleration 
of scientific knowledge. The teaching loads are so high that the 
teachers have little time to keep abreast of their field—and this sum- 
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mer institute program affords an opportunity during the summer 
for them to get abreast of their scientific field. We emphasize scien- 
tific knowledge here, not teaching methods, 

Mr. Botanp. I do not know why the National Science Foundation 
has to do it. This is a program that could increase tremendously in 
numbers. In 1953 it was supporting 42 participants, then in 1955 it 
was 173; 450 in 1956, then you dropped down to 300 in 1957, and then 
you g go to 300 im 1958. 

Dr. Keuty. It differs from the high school teacher program. The 
numbers of college teachers are much smaller than the high school 
teachers. 

Dr. Waterman. One must reckon with the increasing enrollments 
and the problem of attracting and keeping the science ‘teachers in a 
small culleas: They have to spend all of their time teaching and their 
hours go right up and that means that they have no opportunity to 
study the subjects except in the summer, and that is where these 
summer institutes come in handy. 


POTENTIAL TEACHERS EMPLOYED BY PRIVATE INDUSTRY 


Mr. Yates. How do you know as a fact that people who you think 
would make good teachers would go into industry? Have you 
checked this? 

Dr. WarermMan. There is quite a variable. There are some in- 
dustries that would not want to take science teachers if they wanted 
to go. Much depends upon the qualifications of the teacher. 

Mr. Yares. You stated a few moments ago that your good students, 
or scientists, are going into industry rather than into teaching. How 
do you know? 

Dr. WATERMAN. Just watch the graduating classes of the univer- 
sities and follow where they go. 

Mr. Yates. Do you follow them and see which industries they go 
to? 

Dr. WatrerMAN. We have made studies of this. Industry is in there 
trying to offer them jobs. 

Mr. Yares. I know that. 

Dr. WarerRMAN,. Good ones at a high salary. 

Mr. Yares. You suggested, too, that you had approached industry 
with regard to the possibility of permitting some of these talented 
scientists to be used for teac hing purposes. 

Dr. Waterman. Yes. 

Mr. Yates. Did I understand you correctly ? 

Dr. Warerman. Yes. That has been under discussion. 

Mr. Yates. You have not talked to industry on this? 

Dr. WaterMAN. Yes. 

Dr. Ketity. We know that there is a salary differential between 
small colleges and industry. We know that scientists and engineers 
behave like economic men in this respect. We have discussed this 
with many industrial concerns. They know for their own interests 
that they should keep the best people in teaching, but at the same 
time they desperately need able scientists now. So many of them are 
trying to work their way out of this dilemma. One example is offer- 
ing their people as lecturers in the summer institutes that we are sup- 
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porting. Some of them are making arrangements where they hire 
people to spend a year teaching in a high school or a small college 
and then a year in their own industrial pl: int. 

Mr. Yares. It is a very difficult problem for the scientists because 
if they have true public spirit to teach for a year, even though the in- 
dustry may pay their salaries during that period, the prob: abilities are 
they will lose their positions in their firms with respect to possibilities 
of promotion. 

Dr. Kevry. Yes. 

Dr. Waterman. The National Education Association has made an 
estimate that only 12,000 college and university students will qualify 
for teaching certificates in science and mathematics in 1959 and that 
probably more than a quarter of those who do qualify for teaching 
will not enter teaching. They find better paying jobs, you see, even 
though they have qualified. 

Mr. Yates. At least one-quarter 

Dr. Waterman. Of those who are qualified, one-quarter are ex- 
pected not to enter teaching. 





Acapemic YEAR INSTITUTES 


Mr. Troomas. Let us take a lock at your academic year institutes 
where you are asking for $10,040,000. 

We shall insert pages 223 through 226 in the record at this point. 

(The pages referred to follow :) 


AcADEMIC YEAR INsTITUTES, $10,040,000 


Obligations 





Actual, Estimate, Estirate, 
fiseal vear fiscal vear fiscal vear 
1959 196) 1961 
Secondary school teachers Gaacusteis inde eka 7 = nd | $8, 790, 450 $9. 000, OOK $9, 700, 000 
College teachers kn i a i ee 138, 200 | 140, 004 540, 000 
| SE Ee ed tise sh}. Jebuss 8, 937, 650 | 9, 140, 000 10, 040, 000 
| 


i | 





Academic year institutes for secondary school teachers.—These institutes are 
full-time, year-long programs of study in science and mathematics, especially 
designed for secondary school teachers in these fields. 

The National Science Foundation supported its first two academic year insti- 
tutes during fiscal year 1956. In fiscal year 1960 funds will support 33 insti- 
tutes distributed over the country during the academic year 1960-61. About 
1,600 or 1 percent of the science and mathematics teachers in the United States 
will participate. 

Secondary school teachers, unlike members of college faculties, cannot as a 
rule obtain sabbatical leaves or similar means of financial support for purposes 
of further study and self-improvement. In these times of rapid development in 
scientific knowledge, secondary school teachers have great need of such study in 
order to keep up with their subjects. Many of these secondary school teachers 
initially lacked the sound preparation demanded today, and even if they once had 
it, the present situation demands continued study and effort to keep up to dste. 

The academic year institutes offer invaluable assistance to secondary school 
teachers in angmentirg their mastery of the subiect matter of science and mathe- 
matics. These institutes have certain distinct advantages over summer and 
in-service institutes. *articipants in academic year institutes have an entire 
academic year, and in most cases an additional summer, during which they can 
devote full time to their studies. In this time many of the teachers can complete 
the requirements for a master’s degree. The principal disadvantage of the 
academic year institutes is that teachers are removed from service for a year 
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while attending the institution. While this latter fact is a valid reason for not 
expanding this program appreciably, it should be noted that as many teachers 
are returned to active teaching at the close of each year’s program as are taken 
out by the program in the following year. There seems to be general agreement 
that about 1 percent of the secondary school teachers may participate in this 
training program at a given time without creating a serious problem of replace- 
ment. 

The program has been enthusiastically received by teachers, as shown by the 
fact that the number of applications for participation in the 1959-60 academic 
year institutes exceeded the number of available openings by a factor of 6 to 1. 

Courses of study for the academic year institutes are planned by the colleges 
and universities which sponsor an institute. The host institution supplies staff 
and physical facilities and administers its program. Financial support for both 
teachers and institution is provided by a grant from the Foundation to those 
institutions whose proposed institutes are judged highest in quality. 

The criteria used in selecting proposals for academic year institutes to be 
supported include: (1) caliber of instructional staff; (2) degree of interest in 
the program evidenced by the institution; (3) appropriateness of the courses 
offered; (4) plan of operation; (5) facilities of the institution (laboratories, 
classrooms, housing, outside activities) ; (6) relative cost; (7) geographical dis- 
tribution and ability to reach a wide spectrum of teachers; and (8) balance of 
subject discipline. In the case of those institutions which are applying for 
renewal of an academic year institute after 2 or more years of actual opera- 
tion, special consideration is given to the degree of success of the institute in 
meeting the objectives of the program. 

For the fiscal year 1960 program, 65 proposals were received. Giving full 
consideration to the evaluations of these proposals by a panel of 20 well-known 
scientists and mathematicians, the staff of the Foundation selected 33 colleges 
and universities for award. 

Each secondary school teacher who participates in the program does so at 
considerable personal sacrifice, since in a typical case the teacher must leave 
his job temporarily and move with his family to the location cf the institute, 
and live on stipend and allowances considerably less than his regular teaching 
salary. 

The subvention given each stipend holder includes: a stipend of not more than 
$3,000 for the academic year; a dependency allowance of not more than $450 for 
each dependent up to a maximum of four; a travel allowance for two round 
trips from home to institute; and an allowance of $50 for textbooks. For the 
additional summer period, the basic stipend and dependency allowance are in- 
creased on a pro rata basis according to the length of the summer program. 

The Foundation also pays tuition and fees for stipend holders, plus direct 
instructional and management costs of the institute to the amount that these 
exceed the sum granted for tuition and fees. It also pays an allowance for indi- 
rect costs to the institution. 

No increase in the size of the program over fiscal year 1960 is planned either 
with respect to the number of institutes or the number of participating secondary 
school teachers. 

The increase in budget requested for this program reflects an actual increase 
in cost of the program due to three principal factors. First, the allowance paid 
to teachers for each dependent was increased in fiscal year 1960 from $300 to 
$450 for the academic year. This adjustment, the need for which has been 
Strongly indicated bv past experience, will put the allowance more nearly in 
line with the dependency allowances paid in other National Science Foundation 
programs of similar nature. It is estimated that 
of the total program by about $450,000. 

The second cause of an increase in cost is due to a change in the policy of 
payment of indirect costs. Previous to fiseal 


this will increase the cost 


year 1960, indirect costs were 
allowed to the extent of 15 percent of the amount by which total direct opera- 
tional costs exceeded the requested tuition. This often led 


to inconsistencies 
in that some schools were able to “waive” 


tuition and thus obtain the maximum 
amount of support for indirect costs, while others would receive practically no 
support for these costs. In the future, support will be available to all institu- 
tions sponsoring academic year institutes in the amount of 15 percent of the 
total direct cost of operation. The increase in the cost of the academic year 
institutes program due to this change in policy amounts to about $150,000. Tt 
is to be noted that most universities calculate their “indirect costs” at 20. per- 
cent to 40 percent so that universities are-making, a substantial contribution to 
the program in accepting 15 percent. 
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A third factor in the increase in anticipated costs of the academic year insti- 
tutes program for secondary school teachers in fiscal year 1961 is that of rising 
cost of operation and instruction, much of which is due to the increase in staff 
salaries. A conservative estimate of the magnitude of this factor is $100,000, 
The total increase over fiscal year 1959 anticipated is thus $700,000. 

The $9,700,000 requested for the academic year institutes program for sec. 
ondary school teachers in fiscal year 1961 will support approximately 33 insti- 
tutes, as in fiscal year 1960. The estimate for fiscal year 1961 will permit about 
1,600 secondary school science and mathematics teachers to participate ; roughly 
1 percent of the total of these teachers in the Nation. 

Academic year institutes for college teachers.—Al\though academic year insti- 
tutes for secondary school teachers have been in operation since fiscal year 1957 
there have been no similar year-long institutes for college teachers. However, be. 
ginning in fiscal year 1959, an experimental program for college teachers of 
science and mathematics has been supported in conjunction with the programs 
for secondary school teachers. Grants amounting to about $138,000 were made 
to three of the regular academic year institutes to enable each to support eight 
college teachers in its program. The need for college teacher institutes has 
been recognized for some time past, and the response to the experimental pro- 
gram has been very strong. 

It has been clearly demonstrated that a considerable number of the college 
teachers who are giving the training in science and mathematics to prospective 
elementary and secondary school teachers of mathematics and science are them- 
selves either inadequately trained or seriously out of date in these areas. This 
is especially true of some teachers in the teachers’ colleges, certain small col- 
leges, and even in the universities. Money and time spent in training these 
“teachers of teachers” can pay large dividends in the improvement of the pre 
service preparation of elementary and secondary school teachers. Beneficial 
results in the development of proper curriculums for training of science and 
mathematics teachers should also accrue from an improved understanding of 
these subject-matter areas by these college teachers. 

Stipends, and dependency, travel, and book allowances are currently being 
planned at the same levels as for the secondary school teachers in the academic 
year institutes. 

In this program, grants will be made for projects which follow either of two 
different patterns. Some institutions will wish to have a few college teachers 
participate in an academic year institute program along with a group of see- 
ondary school teschers. This is the type of program which is heing under- 
taken experimentally in fiscal year 1959 and fiscal year 1960 to the extent of 
available funds. <A typical institute of this type consists of 40 to 50 secondary 
school teachers and 8 to 10 college teachers working together in appropriate 
parts of the program. 

For fiscal year 1961, it is expected that more of the institutes will make pro- 
vision for a few of these “teachers of teachers,” with perhaps one institute 
devoted entirely to college teachers. The total costs of training a teacher in 
this program, including stipend, allowances, and expenses of instruction, ave 
rag? about $6.000 per teacher, so that the requested funds for fiscal year 1961 
will provide training for about 57 college teachers, whether separately or grouped 
with high school teachers; $340,000 will be required to support the 57 teacher 
participents compared to $140 000 which has been budgeted for support of 25 
teachers in fiseal year 1960. Of the $200.000 requested increase (over the fiscal 
year 1960 program), approximately $175 000 would be needed to support the 
increased number of participants, and $25,000 to provide for increased indirect 
costs. 

Mr. Tomas. You are asking for an increase of $900,000, and I 
notice in justifving each of the program increases you attribute it to 
two things. the increase in cost of doing business with the universities 
and so forth, and about a fourth of that increase is due to your 
increase in numbers. 

You have 33 of these institutes and about 1,600 people this year 
taking part in them. 

Here is one very enlightening statement: “about 1,600. or 1 percent 
of all the scientists and mathematics teachers in the United States 
will participate in this program.” 
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Dr. Ders. I think we have misled you here. 
Mr. Tuomas. What are the numbers then? You state 1,600, or 
1 percent will take part, so that means 160,000 does it not? 
Ir. Dees. That is correct. 
Dr. WaTERMAN. 1,600 will participate. 


SELECTION OF STUDENTS 


Mr. Tomas. One percent. How do you select these? Do you do 
it just like the others, competition ¢ 

Dr. Drees. Yes. At the institute level. The grant proposals are 
screened nationally. 

Mr. Tuomas. Who does the selecting? Is it the institution? Or 
is it your Princeton board ¢ 

Dr. Dexrs. The institution itself. 

Mr. Tuomas. In all of your institutes? 

Dr. Dees. That is true. 

Mr. Tuomas. What yardstick do you lay down as a guideline for 
them ¢ 

Dr. Dees. Basically, that they are to select people again on the 
basis of their ability to profit from the institute's offerings. This is 
a variable depending upon the goals of the institute. In some cases 
the institute will choose to set. its sights so as to pick up bright Reape 
who have had little training in science. In other cases, they will set 
their goals to pick up better teachers and to make them still better. 


NUMBER OF APPLICANTS CHOSEN 


Mr. Tuomas. In all of your institutes, stated percentagewise, what 
is the number of applicants to take the courses and the number of 
those actually chosen to take them ? 

Dr. Drers. We have just completed an analysis of the applicants 
in the high school summer institutes this past summer. There were 
approximately 100,000 separate applications and over 25,000 indi- 
viduals applied. This contrasts with the figure of 17,000 that were 
actually given places in the summer institutes. 

Mr. Tomas. Ninety percent of those who apply are given training, 
then ¢ 

Dr. Drrs. That was true this past summer, but it is already clear 
from the applications that are streaming in for the summer of 1960 
that probably on the order of 50,000 different people will apply for 
the 17 {000 spac es available again this year. 

Mr. Tuomas. What percentage of your total high school science 
teachers are actually given training ? 

Dr. Ders. In the summer institutes just over 10 percent. In the 
academic year institutes, about 1 percent, and in the so-called in- 
service institutes another 6 percent, roughly: so about 17 percent, 

Mr. Tomas. That is pretty good distribution, is it not? And the 
universities and the colleges do their own choosing. 

When it comes to your fellowship program, who grades your papers 
and who sets the pattern ? 

Dr. Ders. In this case we have a contract with the National Academy 
of Sciences—National Research Council. They help us in a variety 
of ways including assembling all of the application materials and 
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assembling the panelists who come to Washington to form a central] 
panel to review all of the application materi ials, including test results 
(but not exclusively the test results), and make the judgments on 
ability. 

Mr. Tuomas. In a few words, the National Academy sets the stand- 
ards for grading the papers. 

Dr. Waterman. These summer institutes. 

Mr. Tuomas. I am talking about your stipend now for your fellow- 
ship program, not your institutes. Who sets the standards? The 
National Academy reviews to set the standards for your fellowshi 
program? The Princeton Board grades your papers; is that the way 
you work it? 

Dr. Ders. Yes. We do, however, give careful and close instruction 
to the Academy-Council as to the standards to be followed. 

Dr. Waterman. We really set the standards and they carry out the 
analysis and appraisal and recommend to us. 

Mr. Tuomas. What need, then, do you have for the National 
Academy of Science? 

Dr. Waterman. This avoids our doing it with our small staff and 
that helps. This brings in an outside group that are quite expert and 
call on the panels needed throughout the country. They make recom- 
mendations to us and we act on these recommendations. 

Mr. Tuomas. It is good to have somebody looking over your 
shoulder and sort of advi ising you and assisting ? 

Dr. Waterman. Yes. 

Mr. Tuomas. That makes sense. 


GRANTS FOR REPEAT COURSES 


Mr. Jonas. Dr. Waterman, do you grant stipends for institute train- 
ing in successive years to the same teacher ? 

Dr. Waterman. That depends on the policy of the particular in- 
stitute. Dr. Dees can give you illustr: sake of that and statistics, I 
think. In some cases it is desirable for a person to spend more than 
1 year, depending on the character of the institute, and in others they 
believe in having a variety, but we leave this open to them, just fol- 
lowing the distribution ourselves. Generally speaking, in the more 
adkvanced institutes it is desirable for the teacher to go more than 
lyear. Isthat not the rule, Dr. Dees? 

Dr. Ders. Yes. I think perhaps it might be helpful to give you 
these numbers. 

Up to now—or I should say, up through this coming summer—in 
all of the institutes’ programs that we have supported there will have 
been a total of about 81,000 participants. We would estimate on the 
basis of reports that we have had from the institutes (though this I 
emphasize is an estimate), that approximately 50,000 separate indi- 
viduals have been trained. 

Mr. Jonas. Are they repeaters ? 

Dr. Dees. 50,000 different people out of this total of 81,000 would 
have received training. This means that something like 15,000 have 
had 2 or more opportunities under this program. 

Mr. Jonas. 15,000 out of 81,000 have had an opportunity to attend 
more than 1 institute ? 

Dr. Ders. 15,000 would be my best estimate here. 
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Mr. Tuomas. What Mr. Jonas is asking you is whether there is any 
limitation where they can attend ? 

Dr. Dregs. Only in policy. We do urge the institute directors not to 
make “institute bums” out of teachers. 

Mr. Tuomas. What constitutes making him a bum—when he goes 
to more summer institutes for 8 weeks ? 

Dr. Dees. The judgment here depends upon his need, as we see it: 
An individual who really has a very responsible position in his high 
school but who has need for additional training should continue to 
receive consideration, but if he has already been to several insti- 
tutes— 

Mr. THomas. An A-plus man would go 1 year, a C man would go 
1, 2,3, or 4. 

Dr. Ders. This is a matter of judgment on the part of the institute 
director. 

Mr. Jonas. I can see where there might be an occasional exception 
to the rule, but when you make this opportunity available to all the 
secondary school teachers throughout the country I think that would 
be your primary mission. 

Dr. Keir. All these directors are alert to this possibility, but as 
the result of this summer institute the teachers now have an oppor- 
tunity to study the subject matter of science and mathematics, and it 
is also partly as the result of this institute that they have developed a 
new degree. 

Formerly when the teachers when back they were given an oppor- 
tunity of taking only education courses and not the subject matter 
courses of science. Now they have the opportunity for securing 
master’s degrees in the teaching of science and the teaching of mathe- 
matics. 

RENEWAL OF FELLOWSHIPS 


Mr. Jonas. Do you have a policy with respect. to fellowships in this 
area? Do you restrict fellowships to one grant, or do you permit a 
fellowship holder to enjoy successive fellowships ? 

Dr. Drees. Our policy on renewal of fellowships is that an individual 
is free to reapply, but he has no assurance that he will get a renewal. 
This means, for example, that in the case of the highly selected people 
who get first-year awards—for first-year graduate study, that is—ap- 
proximately 70 percent will be renewed because they have already 
been carefully chosen. They do good work, and there fore they are 
able to successfully compete afresh in the next year’s competition. 

Dr. WarermMAN. Perhaps Mr. Jonas means the high school teacher 
fellowships for summer. Do you have that in mind? 

Mr. Jonas. I wonder if in all these fellowships you have a policy 
about repeaters. We have had this up before, but I would like to get 
it in the record. Do you have any assurances that the people who 
enjoy these fellowships and benefits from the institutes will continue 
in the teaching field, and what assurance do you have that you are 
not educating people to leave teaching and go and get high-paying 
jobs in industry ? 

Dr. WarrerMAn. In the first place, the type of training that they go 
through is to round out their teaching. 

Mr. Jonas. I want to know whether you have any assurance that 

when they finish they will go back to teaching. 
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Dr. Waterman. Perhaps Dr. Dees can tell you about that. TI be- 
lieve practically all of them go right back to the school for teaching 
purnoses. 

Mr. Jonas. As a voluntary action on their part? You have no re- 
quirement on that? 

Dr. Waterman. No, sir; we have no requirement on this. 

Dr. Ders. For example, Mr. Jonas, in our science faculty fellow- 
ship program which is for college teachers, we do ask for a moral com- 
mitment from those who apply in this program. It has been our ob- 
servation that virtually everyone obeys his own moral commitment. 

In the other programs we do not have any fixed requirement, but 
many of the teachers who apply to participate in the summer insti- 
tutes have to write a little “personal essay,” if you please, on their 
goals; they often make a commitment to return to teaching to the 
institute to which they apply—and this is considered in choosing 
these people initially. 

Dr. Krury. We have some statistics which show that the rate of 
loss of teachers due to added training at institutes is less than the 
normal rate of loss of teachers. 

Mr. THomas. What does that mean? Does it mean 90 percent, 9 
percent go back to teaching ? 

Dr. Dees. It is of the order of 90 percent, and in some of the insti- 
tutes on which we have detailed figures, we have 100 percent. 

Mr. Jonas. You have not considered making a return to teaching 
a requirement for the receipt of a fellowship ? 

Dr. WaTERMAN. No, we have not, other than this statement: that 
the man expects to return. We have thought of that question quite 
often in connection with fellowships, and it has been discussed as a 
matter of policy in the Government in various contexts. The general 
feeling is that this is not exactly the American way to do things; we 
do it, however, for military training. 

Mr. THomas. You do not do it either at Annapolis or West. Point. 

Dr. Waterman. I think it is done in connection with the ROTC 
program. 

Mr. Tromas. They might sign some statement to the effect that 
they will pursue this career but there is nothing to prevent them 
from walking out as soon as they get their commission. 

It is frowned upon, but still they can walk out. 

Dr. Waterman. That is true. The ROTC is what T was thinking 
of. 

Mr. Jonas. I was thinking if the primary objective is to improve 
the quality of teaching, it would not be unreasonable to use whatever 
pressures are available to see that these beneficiaries of this program 
which the taxpayers are providing for that primary purpose should 
live up to it. 

Dr. WatrrMan. This is a very troublesome point which T have 
heard discussed many times. I think our feeling is that we find prac- 
tically all of them do go back and it. is not very much of a problem. 
But, to put the requirement in there is not a way that the people like 
too well, to state that they just have to go back into teaching. 

Mr. Tuomas. Let us take a look at your next three programs. I 
think the committee had some doubt about these three programs. 
Some of them are new, or relatively new, and they total about $18.3 
million. 








135 


You have special projects in science education, course content im- 
provement, and science education and personnel studies. 
Let us take a look at your big one here. 


SreciaL Progecrs 1n Scrence Epucation 
At this point in the record we shall insert pages 230 through 234 
of the justifications into the record. 


(The pages referred to follow :) 


SpreciaAL Projects 1n Scrence Epvucation, $11,300,000 

















Obligations 
Bi | al | Increase (+) 
Actual, Estimate, Estimate, | or 
fiscal year fiscal year | fiscal year | decrease (—), 
1959 1960 1961 fiscal year 
1961 over 
| | 1960 
ie iapeenieialiintimsinlia iia aliataacedtnciadiony tala = | cepecapestatileicesti a 
Science education for students aan $6, 535,223 | $7,000, 000 $7, 128, 600 +128, 600 
Science education for teachers -_-..........--.--- 2, 380, 569 3, 671, 400 3, 671, 400 
Public understanding of science..........._---- 25, 113 500, 000 500, 009 0 
Se 8, 940, 905 11, 171, 400 | 11, 300, 000 | +128, 600 








As indicated above, the fiscal year 1961 budget estimate for science education 
for students is $7,128,600, or $125,600 more than the amount budgeted for this 
purpose in fiscal year 1960. The amount estimated for science education for 
teachers ($3,671,400), and the amount requested for public understanding of 
science ($500,000), remain the same for fiscal year 1961 as that budgeted for 
these programs in fiscal year 1960. 

Included in this group of activities are (1) experimental approaches to the 
problems of science education which are undergoing further testing and develop- 
ment and (2) new and promising approaches, some of which have been proposed 
to the Foundation and others, as yet unidentified specifically, which experience 
shows will be proposed. Many of these approaches are not properly encompassed 
within the other programs of the Foundation. In the strict sense all of these are 
developmental activities and the funds allocated to them represent investment 
eapital—investment which has yielded rich dividends in the past. These are 
science educational activities which are watched with great interest by the 
entire scientific and educational community. 

To the extent that the requested funds will be used in the further development 
of projects already underway or planned, their use is predictable. To the extent 
that a relatively small fraction of these funds will be used to support quite new 
ideas, specific budgets at this time must necessarily represent rough estimates. 

A basic technique employed by the Foundation for supporting efforts to achieve 
better education in the sciences is the acceptance of unsolicited proposals from 
the academic and scientific communities, the careful review of those proposals, 
and the support of those judged to hold the greatest promise of success. Over 
the past S years the majority of these proposals have fallen into clearly identi- 
fiable categories around which specific programs have been developed. Except 
for the initial fellowships programs which were specifically authorized by the 
National Science Foundation Act, nearly all of the Foundation’s science educa- 
tion programs have emerged in this way. 

Fortunately, the Foundation continues to receive proposals for activities that 
do not neatly fit into some previously established pattern and program. Each 
such proposal is given careful review irrespective of its novelty. Often novel 
proposals are received which so clearly embody excellent and timely ideas that 
their early support is deemed highly desirable. Thus it is exceedingly important 
that the Foundation continue to be able to accord full attention to such excel- 
lent ideas; this means that there is need for a certain amount of flexibility in 
utilizing the funds assigned to the special projects category of activities. The 
general term “Special Projects in Science Education” includes both the new and 
promising ideas and also those that have been supported experimentally, found 
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worthy of further support and are being developed—in some cases—to an oper- 
ational level. It is through this mechanism that the successful special training 
programs for teachers (the several types of institutes), the curriculum improve- 
ment program and others came into existence. 

It is not possible to fully predict at this time the number and nature of the 
new ideas which are sure to reach the Foundation during fiscal year 1961. 
Hence this component of the special projects in science education activity may 
be considered in some ways analogous to the Foundation’s fellowship programs, 
where it is possible to specify in advance the broad outlines of each of the sey- 
eral fellowship programs, but not the individuals to be chosen for awards. On 
the other hand, it is possible, on the basis of (1) past experience and (2) plans 
for further testing and development of some current activities, to outline the 
general areas of approach and the funds necessary to support them. 

The special projects activities for fiscal year 1961 will center around three 
general areas: (1) scientific education for students, (2) scientific education 
for teachers, and (3) public understanding of science. In each case, these in- 
clude only those activities which are found after appropriate evaluation to be 
worthy of trial or developmental support—-and which are not dealt with else- 
where or in other ways. The following descriptions of the principal kinds of 
activities in each of these three categories exemplify the mechanisms in use (or 
soon to be launched). Past experience has shown that this classification scheme 
embraces virtually all of the proposals likely to be found worthy of initial or 
continuing support. 

Science education for students.—Science training at the secondary school level 
is accomplished not only through the development of sound curriculums and the 
training of good secondary school teachers. Students should also be provided 
with extracurricular opportunities to advance their understanding of and inter- 
est in science and technology. Information on the opportunities for careers in 
science and technology makes it easier for students at this critical age to arrive 
at better informed and therefore wiser decisions with respect to choice of a 
future career. Early interest in future career possibilities and requirements 
provides a powerful motivation for the student to pursue his education with 
vigor and increased interest. This same information generally disseminated 
among all students provides part of the foundation for a sound public under- 
standing of science on the part of the future citizens. For the high-ability 
student with a well-developed interest in science, extracurricular activities play 
a leading role in maintaining interest and accelerating and intensifying prepa- 
ration for a career in science and technology. 

Through grants, Foundation support is provided for organizations which en- 
courage extracurricular activities such as science clubs and fairs, junior acad- 
emies of science, summer science activities, and special lectures by visiting 
scientists. Science clubs and student projects provide opportunities for the 
science-motivated student to utilize effectively his out of school time in an 
interesting and productive way. Summer science training nrograms offered by 
colleges, universities and research institutions provide useful and stimulating 
education experiences for the serious and able high school student. They not 
infrequently augment the limited science teaching facilities of the less well- 
equipped high school. Visits to secondary schools by distinguished scientists 
from college and university campuses, research institutions and Government 
laboratories under the auspices of professional scientific societies effectively 
augment the education resources of the secondary school in providing career 
information, advanced science training and guidance to the students in eur- 
ricular and extracurricular science activities. Such programs have all given 
evidence of snecessfully developing a thirst for scientific knowledge and an inter- 
est in scientific careers and research among precollege students. 

At the undergraduate level there is a real need to identify those students of 
science and technology who have potential as research workers and teschers 
in institutions of higher education. With the rapid expansion in scientifie re- 
search, much of it conducted by the Federal Government or financed through 
Federal grants or contracts, it is essential that a substantial number of those 
undergraduates who are intellectually equipped to do so go into the Nation’s 
graduate schools to be trained as research workers. The projected increase in 
college nonulation in future years makes it necessary that many qualified stu- 
dents of science, mathematics and engineering become interested in equipping 
themselves for admission to the graduate schools and prenaration as college 
level teachers. An essential element in the preparation of a research worker 

or college faculty member is independent study and research. 
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students of high ability enrolled in the Nation’s large universities can begin 
their training for scholarly careers through independent study under the di- 
rection of the institution’s leading scholars and through participation in the 
research programs of these outstanding scientists. Many of the undergraduate 
students with high potential for careers in research and college teaching are 
enrolled in colleges, schools and universities where primary emphasis is on 
undergraduate teaching rather than on large-scale research. These students, 
too, need to be introduced to research and the independent study that is essential 
to scholarly development. At these institutions research programs can often be 
developed by competent faculty members for the specific purpose of providing 
training in the methods of research. In the case of those institutions that are 
primarily concerned with undergraduate instruction, visiting scientists from the 
Nation’s leading research installations augment the research training available 
on the local campus. The Foundation-supported undergraduate science edu- 
cation programs are designed to make it possible for colleges and universities 
to encourage and permit qualified undergraduates to participate in the type 
of valuable research programs described above. 

Science education for teachers.—In addition to the well established teacher 
training programs in science provided through the conventional teacher insti- 
tute and fellowship program, there is a continuing need for special programs 
designed to develop and test new ideas in science teacher education. These in- 
clude programs for training teachers to instruct in special fields of science where 
manpower shortages are acute: institutes for teachers designed to develop ad- 
vanced science courses for high ability students: research participation pro- 
grams that make it possible for science teachers to include research training 
in the curricula of high ability undergreduate students: and one-of-a-kind con- 
ferences and symposia devoted to the solution of important problems in science 
education or undertaken for the purpose of instructing teachers in new deyel- 
opments in science resulting from recent research. Such teacher improvement 
programs are part of the Foundation’s major effort to improve science education 
through providing additional subject matter hackground and experience for 
teachers of science, mathematics, and engineering. 

In addition to utilizing the science resources of the Nation, the Foundation- 
supported program for the development of science teachers undertakes, where 
appropriate, to utilize the science resources of other nations to advance science 
education in the United States. This includes providing for studies of foreign 
science education systems, texthooks, and course and curriculum content. Dis- 
tinguished foreign scientists are added to the faculties of teacher institutes and 
are included in the visiting scientists programs of the American professional 
scientific societies. Where it is advantageous to the advancement of American 
science education, distinguished American scientists and science teachers are 
permitted to engage in cooperative educational activities with their colleagues in 
other countries. Furthermore, American colleges and universities are able to 
invite eminent foreign scholars to participate in educational programs in this 
country with the objective of improving the quality of instruction in mathe- 
matics and science. In conjunction with these activities the Foundation is 
requested to give an ever-increasing amount of attention to carrying out its 
roles as a focal point for this Nation’s cooperative efforts with other nations in 
the general area of science education and science manpower studies. 

Public understanding of science.—Progress in science is directly related to the 
degree of understanding and support that the general public has for the basic 
concepts and methods of science. The primary objectives of this Foundation’s 
program in public understanding of science is to improve communications be- 
tween the scientific community and the lay public. Advances in science and 
technology develop with such rapidity that it hecomes increasingly difficult for 
the citizen not directly involved to understand the meaning of individual 
scientific developments and to assess properly their importance in terms of his 
own and the Nation’s welfare. Dissemination of information of publie inter 
est is the role of the mass media—newspapers, magazines, radio, television, 
etc. If these media are to meet their responsibility in providing understandable 
yet accurate information to the public in the realm of science and technology, 
better rapport must be developed and maintained between those who are con- 
cerned with the dissemination of news and the scientific community. As science 
moves ahead on all of its frontiers it becomes increasingly difficult to translate 
significant breakthroughs in a way that can be easily understood by the 
Zeneral public. The technical and professional language of the scientists and 
engineer must be translated into the language of the layman without distortion 
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or needless loss of meaning, accuracy, or precision. To accomplish this, the writer 
and reporter must have a real understanding of science, and yet he cannot be 
expected to be trained as a scientist. It is equally essential that the scientist 
who is the ultimate source of science news be aware of the professional prob- 
lems of the journalist. Educational programs designed to bring scientists and 
technologists together with writers and reporters for the purpose of increasing 
their mutual understanding of the problems of achieving an informed citizenry 
in the area of science are becoming daily more necessary. 


Mr. Tuomas. I have written on two or three of these paragraphs 
“ ” 
vague. 


Take, for instance, this one on page 231: 

It is not possible to fully predict at this time the number and nature of the 
new ideas which are sure to reach the Foundation during fiscal year 1961, 
Hence this component of the special projects in science education activities may 
be considered in some ways analogous to the Foundation’s fellowship programs, 
where it is possible to specify in advance the broad outlines of each of the 
several fellowship programs, but not the individuals to be chosen for awards, 
On the other hand, it is possible, on the basis of (1) past experience and (2) 
plans for further testing and development of some current activities, to outline 
the general areas of approach and the funds necessary to support them. 

That is pretty indefinite; is it not? 

On page 232 of the justifications there is some more interesting 
reading under “Science education for students.” 

You show an increase of $128,600, for a total of $7,128,600. 

Sciencé education for teachers reflects no increase and is in the 
amount of $3,671,400. 

“Public understanding of science” contains a “hog round” figure 
this year, and last year, of $500,000. 

Your justifications state as follows: 

Included in this group of activities are: (1) Experimental approaches to the 
problems of science education which are undergoing further testing and 
development * * * 

That is pretty vague, is it not. 

You further state: 

New and promising approaches, some of which have been proposed to the 
Foundation and others, as yet unidentified specifically, which experience shows 
will be proposed. 

How indefinite can you get? 

Dr. Waterman. This is like research, Mr. Chairman. 

Mr. Tuomas. Here is another good, interesting paragraph: 

To the extent that the requested funds will be used in the further develop- 
ment of projects already underway or planned, their use is predictable. To the 
extent that a relatively small fraction of these funds will be used to support 
quite new ideas, specific budgets at this time must necessarily represent rough 
estimates. 

Under your “Public understanding of science” you have the amount 
of $500,000. 

Please tell us about that program. , 

Dr. WaterMAN. There has been a great deal of thought given to 
this, Mr. Chairman. We feel that the people could gain greatly by 
a better knowledge of what science does and what science is and what 
basic research is, for example. The questions that are coming up 
before the people now are sometimes- 

Mr. Tuomas. How much have you spent of your $500,000 on this 
program last year? 

Do you have figures on that, Mr. Luton ? 
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Dr. Dees. Mr. Chairman, this is a relatively new program. We 
have, as I remember, obligated approximately $50,000 of this $500,000 
in this fiscal year. We have already in hand, however, a considerable 
number of proposals that we are screening, and it is our anticipation 
that most of t he money in this area will be obligated. 

Mr. Tuomas. Are we not going a little overboard in these three 
programs to the tune of about $11,300,000? 

Could you not spend your money better? You are getting into too 
much detail and work, and you are getting into the field of the high 
schools themselves. We are making ourselves liable to the charge that 
the Federal Government is running around all over the country, 
sticking its nose into the very grassroots of the field of education. 

Here are three programs which will get you in trouble. 

Dr. Ketiy. May I comment on a few “of the very successful parts of 
this program ¢ 

Mr. Tuomas. Surely. 

Dr. Ketiy. One is abe undergraduate research participation pro- 
gram. This is a program directed mostly toward the small college 
and directed toward giving the students highly desirable research- 
oriented training. 

Mr. Tuomas. You have a dozen programs mixed up here under 3 
headings, and certainly 2 or 3 of them are good, but there are about 
9 or 10 which you should take another look at and which are highly 

speculative. 

Dr. WarerMAN. I suppose you would call this the research sector 
of education in the sciences. Here we are able to try out things. 

Mr. Troms. Doctor, do not use that word “research” as a rug 
under which will sweep a good many things. It is not a coverall. 

Dr. WatTerMAN. No; these are where we can try experimental and 
pilot operations in a small way and see if they are successful, and if 
they are, perhaps, they can be picked up by the schools. 

Mr. Tuomas. Pick out your programs which you think are really 
the good ones. 

What about your “Traveling libraries” ? 

Dr. Waterman. Did you want to speak to this in detail, Dr. Dees? 

Mr. Tuomas. Your justifications state as follows: 

The earliest programs conducted by the Foundation in support of secondary 
school students were those for visiting scientists, traveling science demonstra- 
tion lectures, and traveling science libraries. 

In addition to these programs, Foundation support will also be continued in 
the areas of education programs of State and local academies of science, summer 
science training, science clubs and student science projects, science career in- 
formation, and supplementary secondary science education. Details of each 
of these eight programs are set forth in the following accounts. 

Dr. Waterman. There is an interesting one here, too, Mr. Chairman, 
of helping the local and State academies of science to accomplish 
things in their own territory. That has been an experimental one 
which seems to have a good deal of promise. 

Mr. Yares. Are these governmental institutions, the State and local 
academies ? 

Dr. Waterman. No, sir; they are organized by State and usually 
by the scientists in the State. They may have a State charter, but 
they are not under the State government. 
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Mr. THomas. Here we have your “Traveling science libraries” 
wherein you are requesting $250,000. You have three big programs 
and they all overlap and deal with practically the same subject. 

Will you please pick out which are the good ones, and which ones 
do you really have doubts about? When I say “doubts” I mean they 
are in the category of experiments? 

Dr. Ders. Mr. Chairman, you just told us to pick out the good ones, 
We have, I suspect, in the last 3 years—— 

Mr. THomas. When I said “good ones” I meant the ones which are 
tried, true, and tested, and ones which are paying off. The others 
are still in the experimental stage. 

We are giving you the opportunity to put your own appraisal on 
them. 

Dr. Ketry. This is reflected in the budget. Those which have 
shown less promise are decreasing. The undergraduate research par- 
ticipation program is most successful and most promising, and could 
be expanded even much more than we have requested here. We have 
a program for high school students of high ability. This is an ex- 
periment we are trying, because under our act we have responsibility 
for a scholarship program. 

Mr. Tuomas. What do you do for those students? How do you 
contact them? Half of the people in my country have not heard of 
the program. 

Dr. Ketity. The grants are made to colleges and universities and 
these institutions pick out these students. 

Mr. Tuomas, In that regard we want to look at your grants in aid 
to education. About four or five States get about 40 percent of it. 
The rest of the States are getting very little. However, we will go 
into that later. 

Dr. Ketiy. On the other end of the spectrum, we are decreasing 
the traveling science libraries because we think we have stimulated 
the local communities. 

Mr. Tuomas. Suppose we cut this $11 million in half, and leave it 
up to you as to where you are going to spend it ? 

Dr. Ketiy. We could use three times this much money for under- 
graduate research alone, Mr. Chairman. 

Mr. Tuomas. You could use more than that, I imagine. 

Mr. Jonas, This is the area in which you are in competition with 
scientists of tomorrow ; is it not? 

Dr. Ketry. No, sir. 

Mr. Jonas. That is, high school institutes for high school students? 

Dr. Dees. If I may say so, Mr. Jonas, we are in competition only 
because they want us toturn the program over tothem. They wanted 
us to support it, but let them run it. 


CoursE ConTENT IMPROVEMENT 


Mr. Tuomas. What about your “Course content improvement”? 

We shall insert at this point in the record pages 261 to 263 of the 
justifications. 

(The pages referred to follow :) 
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Course CONTENT IMPROVEMENT, $6,000,000 


Summary—Obligations 


mo 10 room 


Increase (+-) 





Actual, Estimate, Estimate, or 

fiscal year fiscal year fiscal year | decrease (—), 

1959 1960 1961 fiscal year 

1961 over 

1960 
ctl teitrtciratecienintsapimdiparinercenigipeinatalpangntylytlegeinnemnpbneat 

Elementary and junior high schools. -.----- aL $558, 910 $500, 000 $750, 000 +$250, 000 
Secondary schools. ites ses ath 3, 519, 000 3, 000, 000 3, 000, 000 0 
Colleges and universities... .--- ees 210, 950 1, 000, 000 1, 000, 000 0 
Subtotal F 4, 288, 860 4, 500, 000 4, 750, 000 +250, 000 
Supplementary teaching aids.........--..-.---- 1, 741, 465 1, 500, 000 1, 250, 000 — 250, 000 
Program total_.._------ ge eg | 6, 030, 325 6, 000, 000 | 6, 000, 000 0 








Budgets for projects supported under this program inevitably vary widely 
according to scope, specific objectives, and plans adopted to attain those objec- 
tives in an effective and efficient manner. The following items are among those 
which may be included in grants from the National Science Foundation: 

1. Stipends, salaries, and consultant fees for scientists and teachers en- 
gaged full time or part time in devising courses, instructional materials, or 
supplementary teaching aids, including trial use in classrooms and subse- 
quent revision. 

2. Salaries and wages for secretarial and technical assistance. 

3. Support for conferences, writing sessions, and programs for testing 
new courses and materials. 

4. Materials, equipment, and facilities, ranging from office supplies and 
shop facilities to modest film studios. 

Program objectives and needs.—lt is characteristic of scientific discovery that 
each new finding raises new questions and provides new means for attacking old 
questions. The frontier is an expanding one. As knowledge grows, the need 
for highly trained people to continue the search and apply the results grows 
apace. So, too, does the need for all educated men and women to understand 
the essential core of our accumulated knowledge, the way in which it is gained, 
and the meaning it has for our individual lives, our society, and our very sur- 
vival. The corollary is that courses and curricula in mathematics, science, and 
engineering should continuously keep abreast of scholarly advances. The fact 
is they have not. Some teachers and certain schools have done a good job. In 
general, however, mathematics and science courses in elementary and secondary 
schools, and in many undergraduate colleges, lag a generation or more behind 
the advance of knowledge. Our Nation cannot afford this lag, the results of 
which are seriously outdated courses, lack of student interest, and inadequate 
understanding of the potentialities of scientific achievement. 

The purpose of the course content improvement program is to help rectify this 
situation by encouraging mathematicians, scientists, engineers, teachers, and 
other specialists to collaborate in constructing new instructional programs and 
aids for teaching and learning. Such programs will give students access to the 
essential core of the ever-increasing store of knowledge, will stimulate curiosity 
and individual intellectual capabilities, will lead adequate numbers to embark 
upon careers in science and technology, and will produce a scientifically literate 
citizenry. 

The need has recently been underscored by scientists, educators, and laymen. 
The President’s Science Advisory Committee, for example, makes this statement: 

“The quality and content of the curriculum is central in education. At every 
level in the school, college, and graduate school the curricular offerings must 
provide the basic educational materials required of all students, plus the broad 
selection of opportunities appropriate to the student body involved * * *. We 
urge the scientists and scholars of the country to establish more intimate contact 
with experienced teachers at all levels, so the curricula and the teaching and 
learning aids in schools, colleges, and universities may take account of the new 
facts and the new points of view that scientific progress has revealed * * *. 
The content of courses in mathematical and scientific fields at both the secondary 
and undergraduate college level does not adequately recognize scholarly advances 
in these fields. We recommend that present efforts be aggressively pursued and 
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substantially expanded in bringing together leading scientists, scholars, and 
teachers in these various subject-matter fields to seek— 

“1. To bring the course content in each subject at each level into line with 
the most modern scholarly research in its field, consonant with the level of 
instruction. 

“2. To outline, write, publish, and revise the necessary textbooks and 
auxiliary reading materials to achieve the above objectives. 

“3. To develop and supply adequate teaching and learning aids of all 
appropriate kinds, including motion pictures, television, tape recordings, 
slides, and other audiovisual materials designed to aid the student in under- 
standing the subject more thoroughly, and especially to relieve the teacher 
of unnecessary burdens of preparation and instruction, and to enable the 
outstanding teacher to reach a much larger number of students. 

“4. To develop and supply laboratory equipment and materials for science 
courses together with the necessary manuals and reading materials to make 
the laboratory and fieldwork a far more meaningful, useful, and exciting 
aid to student and teacher (‘Education for the Age of Science,’ 1959, pp. 
31-32).” 

Type and seope of program.—RBy fiscal year 1959, the Foundation’s course 
content improvement program had become a major program, following the suc- 
cess of earlier, relatively modest experiments. The first major effort to focus 
the talents of a large group of scientists and teachers upon a course content 
study was initiated during fiscal year 1957 in a project to design a new high- 
school physics course. This massive undertsking is still underway but nearing 
completion. The new course, including a textbook, teachers’ manual, laboratory 
guide, kit of apparatus, fi'ms, supplementary readings. and examinations, will 
be ready for general use in the fall of 1960. sv that time the development will 
have required 4 years, the arduous labors of some of the Nation’s top nhysicists 
and teachers, and an investment of several million dollars. It is of interest to 
point ont that in addition to money the Foundation has put into this program 
(approximately $4.1 million), the Ford Foundation, the Alfred P. Sloan Founda- 
tion, and the Merck Co. Foundation contributed an additional $754,000. This 
illustrates the magnitude of the task. The cost, however, is but a very small 
fraction of the approximately $60 hillion the United States will have spent on 
education during those 4 years. The funds have been well invested, for more 
than 12990 students have already had access to this improved course and hun- 
dreds of thousands more will have the benefit of the course during the next 
few years. 

During fiscal year 1959 the National Science Foundation course content im- 
provement program was expanded, with special emphasis being placed on 
courses in secondary schools and in undergraduate colleges. Continuation of 
the program during fiscal year 1960 will see projects begun or well underway 
in mathematics, astronomy, geology, meteorology, physics, chemistry, the life 
sciences. psychology, anthropology, engineering, and other disciplines at all 
three educational levels: elementary, secondary, and college. The work thus 
begun requires continued support during fiscal year 1961 if these many projects 
are to be successfully developed and implemented. 


Mr. Tuomas. Your request for 1961 is in the amount of $6 million, 
the same amount as vou had last vear. 

What are you doing in that field? Can you put your finger on some 
concrete, good results ? 

Dr. Ders. Mr. Chairman, this is an area where we have a really new, 
burgeoning and already-proven set of ideas coming forward. 

Mr. Tromas. You have four big programs. You have the ele- 
mentary and junior high schools, where you are requesting the sum 
of $750,000 ; this shows an increase of $250,000 over 1960. 

Then you have your secondary schools wherein you are requesting 
$3 million, the same amount as last year: you have your colleges and 
universities wherein you are requesting the same amount as last year, 
$1 million; and then you have supplementary teaching aids wherein 
you are requesting $1.25 million, which represents a decrease of 
$250,000 
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Dr. Keuiy. This is the program we discussed a little bit yesterday, 
and Dr. Stratton from MIT spoke so highly of. The program, I 
think, is one that we can be most proud of; this has resulted in the 
top leaders of science, Nobel Prize winners in some cs uses, working with 
high school teachers on the course content material for the high 
schools. 

Mr. Tomas. Let me read your own language into the record. It 
is very interesting language: 

It is characteristic of scientific discovery that each new finding raises new 
questions and provides new means for attacking old problems. The frontier 
is an expanding one. As knowledge grows, the need for highly trained people 
to continue to search and apply the results grows apace. So, too, does the 
need for all educated men and women to understand the essential core of our 
accumulating knowledge, the way in which it is gained, and the meaning it 
has for our individual lives, our society and our very survival. 


You further state as follows: 

The purpose of the course content improvement program is to help rectify 
this situation by encouraging mathematicians, scientists, engineers, teachers, 
and other specialists to collaborate in constructing new instructional programs 
and aids for teaching and learning. 

Just what have you done for that $6 million this year, and what will 
you do for it next year ? 

Put your finger on something definite. We can read these nice 
words and we all like to hear them. 

Dr. Dees. This year, Mr. Chairman, we are supporting on a con- 
tinuing basis the work of the Physical Science Study Committee 
which was begun 3 years ago, as Dr. Kelly pointed out, under the 
suspices of some of the outstanding scientists of the country. 

This program is approaching completion and will be ‘completed 
within the next 12 months. Alre: idy well over 600 schools in the 
country are using the materials, 

Mr. THomas. How many of your people are engaged in that study, 
and when will they have it completed, and what are you paying them 
onan annual basis ? 

Those people are going to rewrite your textbooks? That ought to 
be worth your money. 

Dr. Drrs. Yes, sir; this is exactly what is happening, plus a good 
many other things. They are not only rewriting the textbooks in 
physics, but. they are also providing teacher-training devices. 

Mr.'Tuomas. What did it cost you for 1960? 

Dr. Dees. The 1960 grant that we are about to make will probably 
total $350,000. 

Mr. THomas. What is the title of the group ? 

Dr. Dees. The Physical Science Study Committee. 

Mr. Tuomas. What are they rewriting? What textbooks? 

Dr. Ders. The high school physics program. It is not just the text- 
book, but also all of the ancillar y materials. 

Mr. Triomas. Where is the rest of the money ? 

Dr. Drrs. In this year we are supporting also two chemistry groups, 
each approaching the problem from a somewhat different. direction, 
for the high school chemistry course. 

The Chemical Bond Approach Committee is one. 

Mr. Tuomas. How much are you spending with them ? 
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Dr. Ders. We have made two grants to the chemical bond approach 
group, and my recollection is that these would total about. $340 5000. 

Mr. Tuomas. What will you complete the fiscal year 1960 with? 
How much money out of your $6 million for this program will you 
have left ? 

Dr. Dregs. We have already proposals on hand—and several of them 
have been essentially fully evaluated—which indicates that we will 
undoubtedly have need for more than the $6 million and, therefore, 
grants totaling $6 million would cover only part of the needs in 
this program. 

Mr. Tuomas. Please detail how you are spending the $6 million, 
with whom, and for what purpose. You have mentioned two study 
groups, one in physics, and one in chemistry. 

Dr. Dees. The second program in high school chemistry is under the 
leadership of Dr. Glenn Seaborg, a Nobel laureate and president of the 
University of California, and is expected to be funded at approxi- 

mately $1 million. 

Mr. Tuomas. That is $2 million. 

What about the rest of it ? 

Dr. Dees. The expectation also is that we will support several 
projects—in addition to those we have already made grants for—in 
the field of college science course improv ement. We are supporting a 
series of conferences by 60 of the outstanding research workers and 
teachers in college level physics throughout the countr y, to determine 
the direction in which improvement in college physics teaching can 
most profitably go. 

Mr. Tuomas. You have physics and chemistry and paid $600,000 
for it. 

Dr. Ders. Biolog 7 and mathematics are also covered in these grants. 
We have made a $1.75 million grant this year to the School Mathe- 
matics Study Group, a group whic h includes something like 100 of 
the outstanding mathematicians in the country, wor king « on a number 
of campuses with respect to the improvement of mathematics ma- 
terials at grades 7 through 12. 

Mr. Tuomas. Doctor, will you put it down very clearly here the 
name of the study groups and what they are going to do, the dollar 
amount, and insert it in the record ? 

Dr. Ders. Yes, sir. 

(The information requested follows :) 


Total support for major secondary-school curriculum studies through Mar. 7 





1960 

Nov. 27, 1956, 

through 
Mar. 7, 1960 
Piysieal Belience Gtady Gomaittee... <4... $4, 113, 440 
Benes: mathematics study sroup........................- weaaicodie ae 3, 100, 000 
EeeOeOenCn! SCIONCeS CUFFICUINM SIUCT...... eee sescnce 738, 200 
a a I  . sicteemssiph ee inbnantnemapnsrpamn-subiovenes 367. 125 
EEOeln GUIROUCEIEn MRNCUN ON UD KNORR 6 oot ccm we 11, 500 
I I a ach cache eden cnaachihi faba estean ati beitehtin ion erndenti , 330, 265 


Mr. Tuomas. Does it all total up to $6 million? 

Dr. Dees. For fiscal year 1960 we anticipate that it will, at least 
$6 million, Mr. Chairman. We still have 4 months left in this year, 
and we have not made nearly all of the grants which will be made. 
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Mr. Tuomas. This is a recurring item. You started it in 1959 and 
you had an appropriation in 1960 and you now want one in 1961. 

How long 1s it going to take to rewrite these textbooks? In brief, 
this is a rewriting job; is it not? In my opinion it is the best part of 
your program which totals $18 million or $20 million. 

We are trying to help you to justify it. 

Dr. Ketiy. We have experience as to the probable cost of each one 
of the other studies. The total for the Physical Science Study Com- 
mittee was approximately $5 million. 

Mr. Tuomas. You have already gotten $6 million for it in 1959 and 
1960. 

Dr. Ketiy. But we have three other fields plus the college and 
plus the elementary school level. 

Mr. Tuomas. How long is this program going to continue before 
it is completed ? 

Dr. WarerMaAN. The physical-science study is beginning to wind up. 
The others are only beginning. However, we expect the physics one 
will be completed before long. 

Mr. Tuomas. You estimate a $5 million cost. You have had $12 
million already appropriated for this purpose. 

Dr. Drrs. $5 million for physics at the high-school level only, Mr. 
Chairman. 

Mr. Tuomas. What is it going to cost at the high-school level to 
complete your program for physics, chemistry, math, and all the rest? 

Dr. Waterman. Chemistry 1s just beginning, and biology is under- 
way. 

Mr. Tuomas. Please give us a preview, and how long it is going 
to take to do the job. 

Dr. Ders. It is very likely that at the senior-high-school level, that 
is, grades 9 through 12, that it will take on the order of $20 million to 
$25 million to do the same quality of job across the board in biology, 
physics, math, and chemistry that is already being accomplished in the 
physics area. 

Mr. Tuomas. $25 million for one subject? 

Dr. Dees. For these four subjects. 

Mr. Tuomas. Physics, chemistry, biology, and math? 

Dr. Dees. All of the high-school sciences and mathematics. 

Mr. Tuomas. How much have you had appropriated for that pur- 
pose to date? 

Dr. Dees. Of the order of $13 million, because prior to 1959 we 
had only a very small amount for this. 

Mr. Tuomas. What about the college-level problem? Are you go- 
ing to attack the textbook problem at the college level also in the 
same fields ? 

Dr. Ders. Yes; but it is very likely that this will be approached in 
a necessarily different way because whereas it is possible to prepare— 

Mr. Tuomas. Are you spending any of your $12 million that 
you have in hand now for fiscal 1959 and 1960 for college-work 
improvement ? 

Dr. Ders. Yes, sir. 

Mr. Tuomas. They are going hand in hand—high school and 
college? 

Dr. Dregs. Yes, sir. 
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Mr. Tuomas. What will your course improvement at the college 
level in textbooks cost? You gave a figure of $25 million for the high 
schools. What will the college work cost ? 

Dr. Drxrs. The college problem, as you know, is very much more 
complex because it includes other fields as, for example, engineering. 

Mr. Tuomas. Doctor, we understand that, or at least we can take 
your word for it. 

What about the dollar mark ? 

Dr. Dees. Frankly, Mr. Chairman, we do not at this point in time 
have a firm figure, because this is an area—the college level—that we 
are only beginning to tackle in a substantive or substantial way. If 
you wish an educated guess, the cost would be something of the order 
of $30 million to $40 million over a period of a number of years, 
meaning 4 or 5 years, more or less. 

Dr. WaterMaANn. I would like to say, Mr. Chairman, that it is the 
opinion of most teachers and educators I have talked to that this is a 
very impressive program indeed. This will be stimulating especially 
to teachers because it brings the sciences up to date in a manner that 
thev can teach. 

Mr. Tuomas. How did you arrive at your figure of $300,000 which 
you are paying for this particular group of people who are rewriting 
the textbook in physics ? 

How did you arrive at that ? 

Dr. Drrs. On the basis of a very detailed budget that thev have 
submitted to us for the various components of the program that are 
going forward. 

Mr. Tuomas. Do you mind showing that to the committee ? 

Dr. Ders. Not at all. We do not have it with us, but we can insert 
it in the record at this point. 

(The information follows :) 





NATIONAL ScreENCE FOUNDATION SwuPpPoRT FOR THE PHYSICAL SCIENCE Stupy 
COM MITTEE 


TABLE 1.—Dates and amounts of grants to the Massachusetts Institute of Tech- 
nology for support of the work of the Physical Science Study Committee 
Date granted: 


{mount 
Nov. 27, 1956 


a Boss S308. 000 
SI UI, OD st pe ees et Sy dT 142, 000 
ees wal 4 100, 000 
Nov. 25, 1957 =. 4 200), OOO 
May 19. 1958 ole Be ack a 200, 000 
Sept. 23, 1958___..____ cde ah tected arche lees : ad 1, 768, 440 
Te cc cien bit Ei ached phded bbdh, pcebihbceoned __._. 1, 400, 000 


Total sind sacteiemeen’ S Lae 


Tarte 2.—Total exanenditures of the Phusical Science Study Committee under 
NSF grants, inception to Jan. 31, 1960, by expense category and by program 


Total erpended 
Oct. 1, 1956. to 


Categorv : Jan. 31, 1960 
Sener ETE GN ie ces ee fee $1, 233, 117. 06 
Consultants ee : 612, 713. 43 
Travel il een ee ; 180, 988. OR 
Materials and services________~ Secs 1, 400, 101. 07 
Overhead = pe oO eR Oba Denes : 7 E 7482. G75. 89 

Total__ 4 ie a a Mi al _. 8, 609.545. 53 





Indirect costs charged as separate item. only during the period Oct. 1, “191 56, to Dec. 30, 
1958. After the latter date Edvertte ™me,, assumed administrative responsi 


bility under the Massachusetts Institute of Sechactens. 
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Program: 
Textbook, laboratory guide and apparatus, examinations, 
MODOSTADNG.... ...... ard ane bien cee ea le te $1, 063, 607. 29 
Teacher’s guide and feedback from trial schools____________ $19, 211. 32 
ee Pe cena Ee a heater mre aes 1, 269, 115. 37 
TR I CE A i ce 404, 848. 70 
I NII a cxceclowcs scrandetvedacdbidhettbdcuies bedaancatonsas ea ieee ache combs 552, 762. 85 
UNIT iss ones hee trea beasrtaneal aaaiganatbtaetentandacmb ama dered remicsaseie 3, 609, 545. 53 
Fa a ae oe cing enimmtbnbeagertammenaiinin eiae 4, 113, 440, 00 
soul expenditures to January 51, 1900... 3, 609, 545. 53 
Funds available for operations, remainder of fiscal year 1960_-___ 503, 894. 53 


PHyYsIcCAL ScrENCcE Stupy CoMMITTEE 
DEVELOPMENT AND DISTRIBUTION OF INSTRUCTIONAL MATERIALS 


Objectives and materials 


The purpose of the Physical Science Study Committee has been to create a 
complete new course in physics for secondary schools. The Committee has 
stated its aims thus: (1) to plan a course of study in which the major develop- 
ments of physics, up to the present time, are presented in a logical and inte- 
grated whole; (2) to present physics as and intellectual and cultural purusit 
which is a part of present-day human activity and achievement; and (3) to 
assist physics teachers, by means of various teaching aids, to carry out the 
proposed program. 

To this end the Committee is developing a closely integrated set of teach- 
ing materials, designed to use every type of learning experience in enabling 
students to gain as thorough an understanding of the subject as possible in 
the time available and at the secondary school level. These materials include: 

1. A textbook, “Physics,” now appearing as a revised preliminary edition 
issued in four volumes. 

2. A laboratory guide for student experiments, also in four parts. 

3. A kit of specially developed apparatus for student experiments. 

4. Some 60 motion pictures averaging 20 minutes in length in which leading 
physicists present demonstrations and discussions, thus providing experiments 
not feasible in most schools. 

5. A special series of 12 examination. 

6. Paperback monographs written by leading physicists to cover a wide range 
of special topics ; some 70 are planned. 

7. A teacher’s guide containing background material and suggestions on teach- 
ing the course. 


School trial 


In order to make the course as sound and effective as possible, extensive trial 
in schools and repeated revision of early versions of materials has been neces- 
sary. School trials and use have been as follows: 


School year | Number of | Number of Comment 
schools students | 
1957-58____- 8 300 | Ist test group; all materials supplied by Committee 
1958-59 270 12,000 | 2d test group; all materials supplied by the Committee under the 
management of Educational Services, Inc. (ESI). 
1959-fi0_. 600 24,000 | Test group limited to about 50 schools, for which the Committee 
provides materials. All others purchase the materials from ESI 
at cost, except for films. The films are still in a developmental 
| phase and all prints are owned by the Committee. Each school 
receives an average of 12 films for trial purposes. 


Cost of materials for test schools, fiscal year 1958 (school year 1958-59 ) 


INU ACT ee eal a aii ea aaa 270 
aa icles er tiesnrsercs en apeqrearsteesendiciaetnnvacnepeininee obama 12,000 
Ne ee ede i iebd aati anl mote tec bhai ini gue eeolonateelceidaaren $180,000 
DR I BIT Gs screen nec ca csies nescensc ores eaivancb bls keotin wee sd eRe ahaa $15 


Total distribution costs, fiseal year 1959___..__--- aipsdedtensas _..._-. $195,462.72 
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Includes materials for test schools, materials for grantors and other agen- 
cies, personnel involved in project, and project developmental work. Copies of 
the text were also sold to interested individuals at cost. 


PRODUCTION AND DISTRIBUTION, 1960-61 SCHOOL YEAR AND SUBSEQUENTLY 


Beginning in the fall of 1960 materials will become available for purchase by 
all schools wishing to use them. 


Materials will then be puroduced and distributed by commercial concerns 
under contract with Educational Services, Inc. All qualified and interested con- 
cerns were given opportunities to bid on the production contracts, which were 
awarded to firms providing terms most satisfactory to the Physical Science Study 
Committee, including continuing supervision of content by the committee and 
low costs for schools. Mass production and the fact that textbooks, laboratory 
guides, films and some apparatus can be used for several years are expected 
to bring the cost per pupil much below the average cost for students in the test 
schools during the developmental period. 


Educational Services, Inc., is a nonprofit organization founded in September 
1958 to administer the secondary school physics project of the Physical Science 
Study Committee and to assist their research and development projects in the 
field of education. Royalties from sales of materials for the physics course 
will be used to revise and improve materials as this becomes desirable. 

Production arrangements are as follows: 

Textbook, laboratory guide, teachers’ guide: D. C. Heath & Co. 

Laboratory apparatus: Macalester Bicknell Co. 

Science study series (monographs): Doubleday & Co., Inc. (trade edition) ; 
Wesleyan University Press (school edition). 

Films: Under negotiation. 

Mr. Tuomas. Do you have any idea what the elements of cost are? 

Dr. Drrs. There are salary costs, which on the basis of past ex- 
perience I would say would represent, roughly, 40 percent. Then 
there will be travel costs at a small percentage, say, of 5 percent. 

This particular group is involved in attempting at this point to 
revise their own product on the basis of what they refer to as “feed- 
back” from the schools. 

They are already using this material in a number of schools and 
they are getting critiques from the teachers using it, and it is possible, 
therefore, for them to evaluate certain sections of the material and 
strengthen it. 

Mr. Tuomas. Gentlemen, if this business is as important as we all 
think it is, it should not drag on over a period of 10 or 15 years and 
be that indefinite. 

Let us get on top of it and see if we cannot get it behind us. 

If it isas valuable as we think it is, why waste all this time dragging 
it out ? 

Dr. Waterman. I think, Dr. Dees is speaking about the overall prob- 
lem. We are trying to complete as rapidly as possible the secondary 
school situation and then the college work will be done in the next 
phase. 

That was really what I think he had in mind when he referred to 
dragging it out. 

Mr. Tuomas. That word “drag” is not illy used here. We have 
had this program going for 2 years. 

Dr. Keiiy. There must be a time lag because of the difference in 
teaching at the high school level, which is necessarily go olng to affect 
what is being taught in the college and also will influence what will 
happen in thee slementar y school. 

Mr. Tuomas. In other words, you are going to have to test out how 
good your high school book is before you write your college book ? 
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Dr. Ketxy. Partly that, but also to determine what subject matter 
can be put down from the college level to the high school level. 

Mr. Jonas. Do I understand that you put $4.1 million in this physics 
text book ¢ 

Dr. WaTerRMAN. Is that the correct figure? 

Dr. Ketiy. Not just in the textbook. I think we should empha- 
size there is a textbook, teachers’ manuals, laboratory manuals, and 
laboratory equipment, as well as films. 

Dr. WATERMAN. Yes; motion pictures. 

Mr. Jonas. In addition to that $4.1 million, the Ford Foundation; 
the Sloan Foundation, and the Merek Found: ation put up $754,000 ? 

Dr. Dregs. Yes, sir. 

Mr. Jonas. Did those funds finance the development of the course ¢ 

Dr. Drrs. The $350,000 that I referred to a few minutes ago, Mr. 
Jonas, would be added to this figure. 

Mr. Jonas. That would total, then, about $5.5 million. 

Who has the copyright on the material ? 

Dr. Dees. At the moment the Physical Science Study Committee 
holds the copyright, with the proviso that the National Science Foun- 
dation at all stages has the right to determine disposition and the 
Government has a nonexclusive royalty-free license to use this ma- 
terial 7 any way. 

Mr. Jonas. Who makes the profit on publishing the text material? 

Dr. Dees. There was a series of bids from the various publishing 
houses to the Physical Science Study Committee in determining who 
would publish the basic textbook, which is to be published in the 
next 30r4months. D. C. Heath & Co. will publish the book and the 
royalties from the sales will revert to the nonprofit group, Educational 
Services, Inc. (which was set up more or less specifically for this pur- 
pose), and the disposition of these royalties is to be determined by 
the Foundation in consultation with EST. 

Mr. Yates. Why should not that money go to the Government? 

Dr. Dregs. This is one of the possibilities. The point is that, 
although this is an important contribution to high school physics, 
there will not be large moneys resulting from the royalties. There 
will be the need for continual revision of this material, another of 
the possibilities is that—rather than continuing to seek separate 
appropriations for that kind of revision—if the royalties are adequate, 
they could be used for this purpose. 

Mr. Jonas. How many of these textbooks are in use now? 

Dr. Ders. Some 600 schools are now using the preliminary version 
of the physics text. It has not been published in hardback form. 

Mr. Jonas. You say at page 263 of the justifications that 12,000 
students have already used it. 

Dr. Ders. That was true last year when the text was in preliminary 
form. 

Mr. Jonas. What has been the profit so far? 

Dr. Drrs. Not any. 

Mr. Jonas. Where has it gone? 

Dr. Dees. There has been no profit. 

Mr. Jonas. Well, these 12,000 students had to buy the books; did 
they not? 

Dr. Drers. These were furnished from this grant as a part of the 
test of the material. 
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Mr. Jonas. It was a free test, and they did not buy the books? 

Dr. Dess. No, sir. 

Dr. WATERMAN. We had to try it out, and this is the way we did it, 

Mr. Jonas. What was the total cost of the 12,000 books which you 
published? Give us a breakdown as to what it cost. Frankly, I do 
not see why you would have to try it out. You are not going to let 
the students pick out the flaws in it. 

Dr. WATERMAN. This is quite a radical move, and therefore we have 
to find out whether the teachers could handle it successfully and 
whether the students could grasp it. Therefore, we felt it was quite 
necessary to do this, especially because some Nobel Prize winners were 
involved in selecting the material, and we wanted to be sure this was 
something which could be assimilated by the students. 

Mr. Jonas. If we are going to finance 90 percent of the cost of pre- 
paring this material, we should be sure that some individual is not 
going to profit by it. 

Dr. Ketiy. We are concerned about this, too, and we are concerned 
that. it be as freely available as possible at the cheapest price possible. 

Mr. Yarrs. What was the total cost of the physics book ? 

Mr. Jonas. $5.5 million. That figure is made up of $4.1 million, 
plus $754,000. 

Dr. Dees. Let us please remember that this is not just the physies 
textbook. This includes something like $2 million for the preparation 
of a completely new series of physics films—a series of a type which 
has never existed before, made up of films which augment instruction 
in physics in a totally new way. 

Mr. YATEes. Is not this part of the textbook ? 

Dr. Dees. Yes, sir, in a sense; we may have here simply a semantic 
difficulty. 

Dr. Ketiy. This is textual material. 

Mr. Jonas. The students will not pay for the use of the films? 

Will you give these films to the teachers? 

Dr. Dees. A company has already been found, again on the basis 
of bids, to make these films available to schools on a rental or purchase 
basis. 

Dr. Ketry. And, also, in the same way, the laboratory equipment 
which is going to be developed and which has been developed, will be 
available on the same basis: Sale by a central distributor. 

Dr. Dregs. The $5 million cost of this effort covers preparation and 
testing of the text itself, the laboratory manuals, the teachers’ man- 
uals, the films, the special laboratory equipment—largely equipment 
that. can be made locally. 

Mr. Yares. What did the test show? You had 12,000 students take 
the test in order to see whether the teachers could grasp it, and whether 
the students could grasp it. 

Who did the testing ? 

Dr. Ketiy. The students were tested by the teachers themselves, 
and we had comments which were fed back to the Physical Science 
Study Committee. 

Mr.Yares. What was the result ? 

Dr. Ketiy. The test or triai showed that the new materials were 
very stimulating to the bright student; although the PSSC leaders 
were initially worried about the results of this new approach on the 
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more mediocre students in comparison to the usual teaching methods 
it turned out that the mediocre students in many cases performed more 
satisfactorily by this approach than under the old. 

Mr. Botanp. Where were these 12,000 students? Was this a cross 
section of the country ¢ 

Dr. Dees. They were in 300 schools all over the country during the 
1958-59 school year. 

Mr. Botanp. And the test showed that they actually grasped it 
quicker and that the revised standard text is probably the answer to 
the teaching of physics then. This is actually a standard text you are 
developing t to be used by the secondary se hools of America. 

Dr. Dees. When they wish to choose it. 

Dr. WATERMAN. Weare just offering it as material. 

Mr. Botanp. You are trying to give them the best possible text for 
the teaching of a very difficult subject 4 ¢ 

Mr. Tuomas. The boards of education of the States take their own 
textbooks. What are these various State boards of education doing? 

Dr. Ders. We might comment, Mr. Chairman, that the education of- 
ficials in the State of Florida are so very much concerned about their 
problems, and have been so favorably impressed by this program, they 
are planning to put. the PSSC physics course in all of the Florida 
sc ‘hools. 

Mr. Boianp. They will buy their textbooks? 

Dr. Drrs. Yes, sir. 

Dr. Keitty. We talked to the State supervisors of education and 
discussed this program with them. They are very happy to have 
some guidance in this. 

Mr. Yares. What has been your reaction in other States? 

Dr. Dregs. Very good. 

Mr. Yares. With reference to the 12,000 students you said the very 
bright were able to grasp it and even it made some impact on the 
mediocre. 

Dr. Ketiy. Yes, sir; they learned more pliysics. 

Mr. Yares. What portion of the 12,000 were considered to be the 
bright ones ? 

Dr. Ketiy. They are chosen so they would be normal classes. 

Mr. Yates. I wonder how many of the 12,000 were able to grasp it? 

Dr. Waterman. I think the point to be considered here- 

Mr. Yates. Was it a majority ? 

Dr. WarermMan. Yes, sir; by far the majority. 

Dr. Drrs. One of the very best teachers that we have found in this 
kind of study made this comment at the recent Association of Physics 
Teachers’ meeting in New York—that he would “want” to use this 
material if he had a highly selected group of students, but if he had 
a mediocre group of students, he said he would “insist on using” it, 
now that he has had experience with it. 

Mr. Yates. How does the cost of this compare with the usual text- 
book that is being used ? 

Dr. Drrs. So far as the textbook is concerned ? 

Mr. Yares. I mean the text and the film. I do not know whether 
you are drawing a distinction. 

Dr. Waterman. The text is the big item. 

Dr. Drrs. I was just talking about the text. 
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Mr. Jonas. As I understand what you have said, the visual materia) 
is as important a part of the course as the text ? 

Dr. Derxs. It will probably be somewhat more expensive, Mr. Yates, 
than just using a traditional textbook, and using whatever they ma 
have around the laboratory for laboratory materials. On the other 
hand, every effort is being made to hold the cost down so that a maxi- 
mum number of schools can afford it. 

Dr. WaterMAN. These new experiments have been designed so that 


the cost will be nominal, say 50 cents or a dollar for an experiment 
with homemade materials. 


Scrence EpucatTion AND PERSONNEL STUDIES 
Mr. Tuomas. Let us put at this point in the record page 277 of the 
justifications, page 278 and page 279. 


(The pages referred to follow :) 


ScrENcCE EpvucaTION AND PERSONNEL StupiEs, $1,000,000 


SUMMARY 








Obligations 
| Increase (+) 
Actual, Estimate, Estimate, or 
fiscal year fiscal year fiscal year | decrease (—), 
1959 | 1960 1961 fiscal year 
| | 1961 over 
| 19€0 
National register sz aeiniendeale $388, 876 $400, 000 $440, 000 +$40, 000 
Manpower studies. ..-_- ~daeoeal 391, 409 | 455, 917 410, 000 +4, 083 
Manpower research _.-_----- Cee 0 | 100, 000 100, 000 0 
NN siete 780, 285 | 955, 917 1,000, 000 +-44, 083 











The science education and personnel studies program is intended to keep 
the Foundation and the Nation informed on the facts and figures of our scien- 
tific manpower situation. As the House Science and Astronautics Committee 
observed, in commenting on this program : 

“* * * with the space-atomic age upon us and with the need for scientific 
mranpower growing daily, the need for a superior manpower tabulation is likewise 
accelerating rapidly. It must also be kept in mind that America’s stature in 
the international community is becoming increasingly dependent upon her scien- 
tists, engineers, and technicians. Knowing who they are, where they are, and 
what they can do is thus becoming crucial” and “* * * the world situation 
today makes an effective tabulation of scientific manpower more critical than 
at any time in the history of the country * * *.” 

As the above table indicates, the fiscal year 1961 science education and 
personnel studies budget request of $1 million is $44,000 or approximately 5 
percent above the fiscal year 1960 program. The moderate increase requested 
would be mainly applied to the National Register program. Additional funds 
are needed to permit preliminary collection activities in new emerging scientific 
fields and to expand data collection efforts in view of the growing numbers of 
scientists to be registered. 

The program consists of three major activities: the National Register of 
Scientific and Technical Personnel, manpower studies, and manpower research, 
and has the assigned responsibility— 

1. To maintain the National Register of Scientific and Technical Per- 
sonnel so that individuals with specialized scientific and technical skills 
may be identified, located, and placed in priority assignments if national 
emergency conditions require it ; 


, 
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2. To provide data regarding the supply, utilization, characteristics, train- 
ing, fields of specialization, and demand for scientific and technical per- 
sonnel so that in the development of its programs the Foundation may 
consider the relevant factors of scientific personnel resources ; 

3. To provide a central clearinghouse for scientific manpower information 
so that other Government agencies, professional societies, private organ- 
izations, and other organizations concerned with scientific and technical 
personnel may have access to information required in administering their 
programs; and 

4. To undertake a program of research in order to sharpen and improve 
methods of measuring the demand, supply, and characteristics of scientific 
personnel, and to develop a better understanding of the institutional frame- 
work in which scientists and engineers are employed. 


NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL, $440,000 














Obligations 
Actual, Estimate, Estimate, 
fiscal year fiscal year fiscal year 
1959 1969 1961 
Registration of scientists and engineers__...................--- $253, 876 $260, 000 $320, 000 
Operation of register records center................-.-.---.---- 135, 000 140, 000 120, 000 
PR OI, site dahiun thviiinces cde aanisamabecipg eon 388, 876 400, 000 440, 000 


The National Register of Scientific and Technical Personnel maintains rec- 
ords on the location, training, and scientific specializations of selected scientists 
and engineers. Individual scientists provide this information to their profes- 
sional societies which, in turn, pass it along to the register’s records center, 
which is maintained on a contract basis by North Carolina State College at 
Raleigh, N.C. The register data in the aggregate provide a unique source of in- 
formation on the supply and characteristics of the scientific population. At the 
same time, the register is designed to provide a mechanism for the prompt loca- 
tion of individual scientists with highly specialized qualifications when needed 
for scientific work in the national interest. The register is the only comprehen- 
sive program for registration of scientific personnel. 

The distribution of the $440,000 required for register program operations for 
fiscal year 1961 is estimated by major categories as follows: 


Registration of scientists and engineers_____.______------_--_-_------ $320, 000 
Data collection by scientific societies_.__._._.._.._..---- $275, 000 
Extension to new scientifie fields_..___~_ ES, 35, 000 
National Research Council operation___._.______-__----~ 10, 000 

Operation of register records center__.__--.----------~--- ses tat & 120, 000 
North Carolina State College operation____-___-------- $110, 000 


Special analyses and listings_____.._._._------ Bea 10, 000 


lla anaes tiaimate 440, 000 

Mr. THomas. Now, we are back to the Science Foundation. This 
involves science education and personnel studies. 

You break your request down as $440,000 for the national register, 
which represents a $40,000 increase; “Manpower studies, $460,000,” 
and “Manpower research, $100,000.” Your total is $1 million as 
against $955,917 last year. 

We are all familiar with this. What good is it doing? 

Dr. Warerman. Mr. Chairman, I had something which I thought 
the committee would be interested in interpolating before taking up 
this new subject. 


Total 
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Mr. Tuomas. All right. 

Dr. Waterman. The question was what are the States receiving in 
the way of funds for this item. In fiscal year 1959 Illinois received 
for institutes $1,028,130, and for other personnel education received 
$323,630. M: issachusetts received for institutes $1,124,445, and other 
scientific manpower efforts, $3,608,237. This is the course content 
largely. 

North Carolina received for institutes $1,066,360. 

Mr. Tuomas. That information is not in the justifications? 

Dr. WaterMAN. No, sir. This is in response to a question a while 
ago. 

Mr. Tuomas. I was going to ask you where it was. 

Dr. WaTerMAN. Texas received over $1.5 million for institutes and 
for other manpower grants, $227,090. 

Mr. Tuomas. I will ask you for a complete record by States on 
that. 

Set it out by contract, and by institution, and by States for science 
and we are going to ask for the same thing for manpower. 

Dr. Waterman. Mr. Chairman, the information requested is all 
covered in the document entitled “Grants Awarded by the NSF in 
Support of Science and in Support of Scientific Manpower to Uni- 
versities and Other Nonprofit Institutions During Fiscal Year 1959” 
which has been previously inserted in tl:e record. 

Mr. Tuomas. You state at page 277 of the justifications as follows: 

The science education and personnel studies program is intended to keep the 
Foundation and the Nation informed on the “facts and figures” of our scientific 
manpower situation. As the House Science and Astronautics Committee ob 
served, in commenting on this program: 

“With the space-atomic age upon us, and with the need for scientific man- 
power growing daily, the need for a superior manpower tabulation is likewise 
accelerating rapidly.” 

You had been carrying this program on before we had this new 
space business, and before we had sputnik:; is that true 

Dr. Waterman. This is an item in our act, and we are required to 
keep this register. 

Mr. Tuomas. What good are you receiving for the expenditure of 
this $1 million. How are you keeping the record? How many 
scientists do you have and where are they located, and so forth and 
so on ¢ 

Is not this about $1 million which you could save some place else? 

Your justifications state as follows: 

Nine major professional societies—and through them some 200 additional 
specialized societies—are now cooperating with the Foundation in the registra- 
tion of scientists and engineers. 

In other words, you are subsidizing all these chapters here of these 
great scientific and engineering institutions who are going to do some- 
thing which they would normally do anyway ? 

I have reference to the American Institute of Architects, the Ameri- 
can Institute of Electrical Engineers, or whatever it is. How many 
of them are there? You say there are nine major professional groups. 
Which are they ? 

At page 281 of the justifications you state the following: 

The availability of a concentration of highly trained scientific staff in the 
Raleigh-Durham-Chapel Hill area was an important factor in selecting North 
Carolina State College to operate the register records center. 
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Do you only have one center ¢ 

Dr. WaTeRMAN. Yes, sir; for this purpose. 

Mr. Tuomas. You further state as follows: 

The National Academy of Sciences—National Research Council maintains the 
Register of Earned Doctorates which covers doctorates awarded by American 
universities. 

You have set up here at this university, about which there is no 
question that it is an able one, this center. Is this for Dr. Gross’ 

school ¢ 

Dr. WATERMAN. No, sir; he is at Duke. 

I have the institutions here, Mr. Chairman. 

Mr. THomas. Namethem. 

Dr. Waterman. The American Institute of Biological Sciences, the 
Federation of American Societies for Experimental Biology, the 
American Geological Institute, the American Institute of Physics, the 
American Meteorologic al Society, the American Psychological Asso- 
ciation, the American Mathematical Society, the American Chemical 
Society, and the Engineers Joint Council. 

Mr. Tuomas. How much of this goes to governmental agencies? 

I looked over here and studied your charts with reference to this 
item of aid to science. You are subsidizing at least six or eight gov- 
ernmental bureaus and are transferring your money to them. 

How many in this figure are there ? 

Dr. WATERMAN. oe at the present time. Negotiations are being 
conducted with the U.S. Civil Service Commission to increase the 
scope of the register to “Tacos Government scientists and engineers. 

Mr. Tuomas. What are you giving the Civil Service C ommission ? 
Is that figure $5,000 ? 

Dr. Warerm. an. No funds are transferred for the registration of 
Government scientists and engineers. The Commission is the logical 
place to find those. The societies do not normally do this, Mr, C hair- 
man. They have their normal membership. The register is intended 
to list all qualified scientists. 

Mr. Tuomas. Why is it necessary to have a dog tag on each one of 
them if they are so import ant, and after you have spent money train- 
ing him and educating him? If he is making a contr ibution, why is it 
necessary to keep up w vith him and have a dogt tag on him ? 

Dr. Waterman. We need to know who the man is, and what his 
specialty is. 

Mr. Tuomas. That is what they called it in the Army when they put 
that tag on us. 

Dr. W ATERMAN. We need to know what his specialty i is, and what 
his minor specialties are and where he can be located. It is important 
to know all scientists in a given region so they can be called upon for 
special help in case of an emergency. 

For general Government planning, this gives a survey of what the 
distribution of scientists is in the country and those who have spe- 
cialties. One feature of it which you can hardly get any other way is 
combined specialties. If you want a man who knows polymer chem- 
istry and who can speak Chinese, or perhaps knows how to teach or 
something like that, you can find this out through such a register. 
So, for planning purposes and for mobilization planning and for dis- 
aster events, these are some of the chief uses. 

Mr. Tuomas. Does anyone do this for physicians? 











156 


Dr. WATERMAN. Yes, sir; it is a separate one. 

Mr. Triomas. Do you do it, or someone else ¢ 

Dr. Warerman. The American Medical Association maintains a 
directory. 

Mr. Yates. What does the register show ? 

Dr. WarterMan. It shows the distribution of the people in these 
qualified fields, 

Mr. Yates. Does it show their qualifications and where they are 
working? 

Dr. WarermMan. Yes. 

Mr. Yares. Does it show what his business address is, and where he 
is working ? 

Dr. Dees. Yes, sir. 

Mr. Yates. Are you sure? 

Dr. Dees. Yes, sir. 

Dr. WarTeRMAN. It also shows his affiliation. 


ProGRaAM DEVELOPMENT, OPERATION AND EVALUATION 


Mr. Tuomas. At this point in the record we shall insert pages 291 
and 292 of the justifications. 
(The pages referred to follow :) 


Support oF ScIENTIFIC MANPOWER 


Program development, operation, and evaluation—Obligations by object 


NN Se 


| 





| | Increase (+ 
Actual, Fstimate, | Fstimate, 


| J . . or 
| fiseal year | fiscal year | fiscal year | decrease (—), 
| 1959 1960 1961 fiscal year 
| 1961 oer 
1960 
DUNT RIIOITIGR,.. onin cin santibiwceseseeées | 97.0 | 126.0 | 132.0 +-6.0 
Average salary - Fake eilbsanadkdincemanma owe $7, OS7 $7, 071 $7, 030 —$4} 
01 Personal services: 
Staff_- SECTS eS Ps Be $687, 422 $891, 000 $928, 000 +-$37, 000 
Consultants, panels and division com- 
mittees j ei hat 34 EE ial 21, 891 34, 000 48, 000 4-14. 000 
i ttc eens deente valibenani ; 709, 313 925, 000 976, 000 +51, 000 


02 Travel 
Staff... _ ; 33, 064 53, 000 73, 000 


i ae -+-20, 000 
Consultants, panels, and division com- 


mittees : ‘ a See 18, 615 28, 000 28, 000 0 

Subtotal. .-_-- ‘ a aa 52, 579 81, 000 101, 000 4-20, 000 

03 Transportation of things. .............--- 980 10, 000 11, 000 +i, 000 

06 Printing and reproduction. -_...........-.-- 22, 605 27, 000 30, 000 +3, 000 

07 Contractual services 

Administrative acini lilac alta 1, 361, 843 1, 138, 000 1, 186, 000 -+-48, 000 

Eimmplo, ee life insurance fies Ee ee 2, 156 3, 000 3, 000 0 

Employee health benefits. .........---- 0 0 7, 000 +-7, 000 

Security investigation hella ‘iain 22, 094 16, 000 10, 000 6, 000 

Ta i 1, 386, 093 1, 157, 000 1, 206, 000 +-49, O00 

08 Supplies and materials._.............-..... | 270 0 0 | 0 
12 Grants, subsidies, and contributions: 

Contributions to the reiirement fund___| 35, 515 47, 000 | 49, 000 +2, 000 

Other. _.- aa taut - cecilia 76, O81 9, 115 0 9, 115 

= . . iad 

it | 111, 596 56,115 | 49, OOO 7, 115 

15 Taxes and assessments_......._.....2.-- 1, 996 2, 000 2, 000 0 


EE ooo ha deutbennamanaie 2, 285, 432 | 2, 258, 115 2, 375, 000 


116, 885 


+ 
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The major components of the increased funds for fiscal year 1961 in program 
development, operation, and evaluation are: 

Personal services, +$51,000.—This nominal increase in personal service funds 
will permit a modest increase in average employment. Each year brings in- 
creasing numbers of proposals for Foundation support in the programs of scienti- 
fic personnel and education. This increasing proposal volume requires a staff 
to insure prompt handling and efficient review of each proposal. The personal 
services requested for fiscal year 1961 will permit an average of 1382 employees 
or an increase of 6 in average employment over fiscal year 1960. 

Travel, +$20,000.—The increase in scope of the National Science Foundation 
education in the sciences activities requires that program officials and members 
of advisory panels travel more frequently so that proper coordination and liaison 
is maintained with the many professional societies, colleges, universities, and 
education officials. These contracts and conferences are necessary to insure that 
the objectives of the Foundation are being met. 

Administrative contracts, +$48,000.—Funds requested for administrative con- 
tracts in fiscal year 1961 will be used to cover the cost of testing, grading, evaluat- 
ing, and selecting fellowship applicants for predoctoral, postdoctoral, science 
faculty, and summer fellowships for high school teachers. In addition, contracts 
are to be arranged for the purpose of screening proposals under the various pro- 
grams in the institutes and special projects in science education sections. In 
previous years, contracts have been negotiated with the Educational Testing 
Service, the National Academy of Sciences, the Association of American Colleges, 
and Science Service for these purposes. Contracts of a similar nature will be 
made in fiscal year 1961 with these and possibly other organizations uniquely 
qualified to perform these services. 

The services rendered by the contracting organizations vary from program to 
program, but in all these cases, the Foundation seeks contractors who have had 
long experience in working with the scientists of the United States on problems 
of a nature similar to those associated with the relevant Foundation program. 
As an example of the type of service provided, the National Academy of Sciences— 
in connection with the regular graduate fellowship program—c«arries out all de- 
tails of distributing application materials, processing applications and supporting 
documents as they are returned, selecting and inviting to Washington, D.C., the 
required number of panelists for the evaluation process, and in other ways 
rendering services to the Foundation related to the process of evaluating the 
ability of individual fellowship applicants. In other programs, the National 
Academy of Sciences, or other contractors, may be asked only to select and bring 
to Washington, D.C., the screening panelists who are to work on. evaluating 
applications. In most contracts, the Foundation provides for reimbursing the 
contractor (on a cost-plus percentage overhead basis) for expenses incident to 
earrying out the work required, including professional and clerical salaries, 
travel expenses of contractor personnel and panelists, costs of producing and 
distributing informational materials, and for similar purposes. 


Mr. Tuomas. This is program development by the front office; is 
it not ? 

How many people do you have? Isthat number 132? 

Then, we have your “Other objects.” This is split up into manpower 
divisions. 

Do you have an overall cover sheet? I think it is in the record. 

Where is it? Put your finger on it right quick, and see if we in- 
serted it. 

Mr. Luton. At page 297. 

Mr. Tuomas. This is for the entire agency ? 

Dr. WarermMan. Yes, sir. 

Mr. Tomas. We shall insert page 297 of the justifications into the 
record at this point. 

(The page referred to follows :) 
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Executive direction and management—Summary 











a 
| i | Increase (+-) 
Actual, Estimate, Estimate, or 
| fiscal year fiscal year | fiscal year | decrease (—), 
1959 1960 | 1961 | fiseal year 
1961 over 
1960 

| | | 
— — 7 — a ” } oo 
Average employment. -................-.....-- | 106. 0 139.0 156.0 | +17.0 
ED ctetcnnananececorcesouessrecemee $7, 217 $7, 252 | $7, 282 +$30 
01 Personal services: | | | rn 
National Science Board--...-...---.-..- 11, 080 27,000 | 27, 000 | 0 
Office of the Director ._..........---.-. | 55, 842 171, 000 | 230, 000 | +59, 000 
Consultants and committees _ - eel 2, 190 | 4, 000 | 5, 000 +1, 000 
Office of General Counsel__..---..-. | 50, 852 61, 000 | 62. 000 | +1, 000 
I 558, 287 | 776, 000 | 844, 000 | +68, 000 
Es ie i 8 ES a nd 5 778,251 | 1,039,000! 1,168, 000 +129, 000 
02 Travel: | | — 
National Science Board--_...........--} 17, 482 | 18, 000 | 18, 000 6 
Office of the Director -...........-...-.- 11, 864 15, 500 | 16, 000 +500 
Consultants and committees- -_..-_} 2, 316 | 4, 000 | 4, 500 +500 
Office of General Counsel. ____.-..- 230 | 500 | 500 0 
CE RR eee a ee eee | 7, 378 | 27, 000 36, 000 +-9, 000 
———_ ne — =e - toa 
| EE niiaecenainntadessietel 39, 270 65, 000 | 75, 000 +10, 000 
03 Transportation of things_--........-...-.-- 1,310 | 5, 000 5, 000 0 
04 Communication services. __....___- aecucade 109, 070 118, 000 135, 000 +-17, 000 
05 Rents and utility services__..............-- 2,718 |} 8, 000 7.000 | 1, 000 
06 Printing and reproduction petcetmewcdea 19, 381 23, 000 28, 000 +5, 000 

07 Other contractual services: 

Administrative contracts ._..........-- 63, 801 | 45, 000 45, 000 0 
Security investigations ____.______- ; 20, 912 14, 000 5, 000 | —9, 000 
Employee life insurance .............- 2, 165 | 2, 500 3. 000 | +500 
Employee health benefits._._.....____- 0 0 8, 000 | +8, 000 
A, Bed tea ne alt ntebhaln : 86, 878 61, 500 61, 000 — 500 
08 Supplies and materials_.................... 51, 279 53, 000 | 65, 000 | +12, COO 
09 Equipment | 143, 249 100, 000 95, 000 —5, 000 

11 Grants, subsidies, and contributions: Con- | 
tributions to the retirement fund 4 43, 435 56, 000 64, 000 | +8, 000 
15 Taxes and assessments_____.........._.__- 1, 008 1, 500 2. 000 +500 
TN Ch okt... Bddd die edann seelnciabekocken 1, 275, 849 1, 530, 000 1, 705, 000 +-175, 000 


Dr. Ketiy. That is not for the whole agency. 

Mr. Tuomas. No; I want it for the entire agency. Where is it? 
Under your “other objects”, you have your personne] expenditures. 

Dr. Warerman. The administrative expenses in connection with 
the science programs are associated with each program. 

Mr. Luton. Page 9. 

Mr. Tuomas. It isin the record already ; is it not ? 

Mr. Lutron. Yes, sir: 


GRANTS AWARDED IN SUPPORT OF SCIENCE 


Mr. Tuomas. Now, you submitted for the record yesterday a break- 
down by colleges for support of scientific manpower, but the justifica- 
tions carry a breakdown of your “Support of science,” but it does not 
for “Manpower.’ ” Of course, it is pretty difficult to itemize. 

I think it would be well to carry in your justifications next year a 
complete breakdown of both. You only have a breakdown of your 
“Science” in your justifications. 

In looking over your breakdown for “Science,” I find that about 
four or five States are getting about 40 or 50 percent of your total 
amount of money, which was $69 million for this year, or was it 


$86 million? 
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What is the dollar amount for “Science” ? 

Dr. WATERMAN. $88 million, I believe it is. 

Mr. Tuomas. It is $118 million; is it not? 

Mr. Luton. That is the 1961 estimate. 

Dr. WATERMAN. It is $88 million for this year. 

Mr. Tuomas. Of course, your tables will show for only 1960. Your 
basic research is about $79 million for 1961 ? 

Dr. WATERMAN. Yes, sir. 

Mr. Tuomas. And there are about five or six States who are re- 
ceiving 40 to 50 percent of it ? 

Dr. WATERMAN. We have watched this distribution, Mr. Chairman, 
and it is interesting that the distribution of research funds from the 
Foundation goes to States about in proportion to the graduate student 
population of the States. 

Mr. Tuomas. Take, for instance, Alabama, $24,440; Arizona, $635,- 
800, and here is California next on the list with $6,108,449. Then you 
have Illinois with $4,552,450. Here is Indiana next on the list with 
$1,389,000. 

I am a little bit partial to Iowa, and I see Iowa has $746,950. 

My own State of Texas got about $1.5 million, as well as I remem- 
ber. In numbers it was very small. Texas had $1,182,820. 

What does this tabulation show with reference to manpower? 

Dr, Drers. Mr. Chairman, the document which was inserted in the 
record yesterday does show these figures that you have already men- 
tioned, but we did show two totals which you may find of interest. 
Approximately 450 separate institutions received “Support of scien- 
tific manpower” grants either for institutes or in connection with the 
other types of programs that we support under this heading, and a 
total of 1,200 grants, in round numbers, were made. The breakdown 
by States is included in this document. 

Mr. Tuomas, Doctor, we just had this 24 hours, or about 12 hours, 
ago. We C and D students take 4 or 5 days to absorb all this. We 
cannot absorb it if you have it in your book, and we do not have it in 
ours. 

Dr. Dress. We will see to it that you get it next time. 

Mr. Tuomas. It does not take an A-plus student to understand that. 

Dr. WarerMAN,. These are research grants that you are speaking of 
rather than manpower ? 

Mr. Tuomas. Tell us how the money is allocated among the States 
in “Manpower.” 

Do four or five States receive 40 percent or 50 percent of it? I can- 
not believe that A-plus students are all located in four or five States. 
I imagine some of them are out in the country. 

Dr. Waterman. In the case of the total money in this program, 
some of the large grants like these “Course content” things go to 
where the centers are, and that warps the distribution pattern re- 
flected by the institute and fellowships grants. 

Dr. Ders. The distribution of institutes was extremely good last 
year; we actually carried out an analysis on the basis of total partici- 
pants by State, and found that this was quite gratifying in the sense 
that this matched reasonably well on a population basis. 

In terms of actual locations, for example, in this document we were 
talking about, Illinois received $1.3 million, roughly in fiscal year 
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1959, in the total of approximately $49 million. Indiana received $1.4 
million, roughly ; Iowa, $1 million; Kansas, $1 million, and, skippin 
on down, $4.7 million to Massachusetts. This brings out Dr. W ater- 
man’s point, because the large course content improvement program 
at MIT embraces campuses in various parts of the country and people 
in various parts of the country. Nonetheless, the grant was made to 
MIT and therefore Massachusetts shows a total of $4.7 million. 


GRANTS TO OTHER GOVERNMENT AGENCIES 


Mr. Tuomas. I see you are making some grants to France in the 
amount of $40,250; to Israel in the amount of $4,000; to Puerto Rico 
in the amount of $18,050; Turkey, $5,200. However , | cannot under- 
stand why you are giving these grants to other agencies of the 
Government. 

May I call the committee’s attention to pages 040, 041, and 042 of 
the justifications? Look what we are doing to Government institu- 
tions in the District of Columbia. 

Dr. Waterman. The District of Columbia or educational institu- 
tions, Mr. Chairman ? 

Mr. Tuomas. You have agencies of Government in here; do you 
not ? 

Dr. WaTerRMAN. Yes, sir. 

Mr. Tuomas. And, you have the National Academy of Sciences. 
We understand that. You also have ‘the National Bureau of Stand- 
ards receiving only $372,000. 

Then you have “Antarctic research” and the “International Geo- 
physical Year,” where there is $1 or $2 million in here for the Inter- 
national Geophysical Year. 

How long does the International Geophysical Year last? It has al- 
ready gone for 5 years. 

Dr. Waterman. There is a distinction here. This is what they 
call International Geophysical Cooperation, which is the aftermath of 
the IGY, and involves only selective programs. 

Mr. Tuomas. How much is in here for it? Is it $2 million or $3 
million ? 

Mr. Yates. In that program ? 

Dr. Waterman. You mean from this list here? 

Mr. Tomas. You have $5.5 million at one spot for it ? 

Dr. Waterman. That is for Antarctic research. 

Mr. Tuomas And, then you have four or five agencies here. You 
must have $6 million or $7 million for it. 

Dr. Waterman. There is a distinction. The International Geo- 
physical Cooperation does not include the Antarctic research. The 
Antarctic research is a total of $4 million, divided between certain 
Federal agencies and also colleges and universities. 

Mr. THomas. You have the Bureau of Standards listed at $372,000, 
Antarctic research, $250,000; International Geophysical Year Co- 
operation, $122,000; the Office of Naval Research, $300,000; atmos- 
pheric science, $250,000, and International Geophysical Cooperation 
again. How much? 

Dr. Waterman. Well, there is $250,000 to the Office of Naval Re- 
pene ey vn the program in International Geophysical Cooperation 
is broac 
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Mr. Tuomas. Then you have the Smithsonian Institution. They 
get their money in a separate appropriation, and here you subsidize 
them. 

Dr. Waterman. I think the Smithsonian, Mr. Chairman, is in a 
different category. They do not have money for this kind of thing. 
This is for research done in their museum by people interested in 
fundamental research. 

Mr. Tuomas. What research are they doing? 

I notice you have listed biology. 

Dr. Witson. I can speak for biology. Those are studies carried 
on at places like Barro Colorado Island, where a scientist from a 
university is attached to the Smithsonian for administrative pur- 
poses, but goes to a field laboratory to do the work. 

Mr. Tuomas. What about the Coast and Geodetic Survey which 
also carries Antarctic research in the amount of $122,000? 

There is also the Internatioanl Geophysical Cooperation in the 
amount of $6,000. Then there is the U.S. Geological Survey, Ant- 
arctic research, and the U.S. Weather Bureau which carries an 
amount of $1,447,141. 

Dr. WaterMaAN. This is the Antarctic program. Those totals on 
the Antarctic will come under the general heading of Antarctic re- 
search which we covered earlier under research, Mr. Chairman, as a 
separate item, and they fall within that. 

Mr. Tuomas. You have at least $4 or $5 million in here for other 
governmental agencies, 

Dr. Waterman. We have the responsibility, of course, for the 
scientific program in the Antarctic, and the money goes to the Fed- 
eral agencies for that purpose, and also to other agencies like uni- 
versities and other research institutions to carry out some of the 
scientific programs in the Antarctic. 

Mr. Tuomas. What is the total amount for the Antarctic? 

Dr. WaterMAN. We had an item of $4 million for this in 1960, 
and the current- 

Mr. Tuomas. You have $4 million as just a starter. You have an- 
other $1.5 million or $2 million back in here with various govern- 
mental agencies. 

Dr. Waterman. I think you will find the totals are all right, except 
there was an item carried over of about $1.8 million. 

Mr. Lutron. We had about $2.2 million carryover from previous 
years, but this is money that had been made available to other Gov- 
ernment agencies which they will expend by fiscal year 1961. Under 
section 1311 we had to cancel the obligations on June 30 and reobli- 
gate on July 1. 

Mr. Chairman, part of this money for the Antarctic comes out of 
the $5.5 million, or the $4 million last year that was appropriated, 
and all the money for the International Geophysical Cooperation 
comes out of our basic research grant funds. 

Dr. WaterMAN. We have no special fund for that. It is scattered 
through the research which we support. 

A part of it is carried independently with their own money by 
the Bureau of Standards and other agencies. : 

Mr. Tuomas. The Navy supports the logistics end of the operation 
which is another $5 or $6 million. 

Dr. WaTerRMAN. $10 or $12 million. 
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Mr. Yates. What is the nature of the grant to the Bernice P. Bishop 
Museum?’ It says “Research facilities.’ 

Dr. Witson. That is to build up their systematic biological collee- 
tions and to purchase new cases for their collection of plants and 
insects. 


RESULTS IN FIELD OF BLOLOGY 


Mr. Tomas. Can you put your finger on anything this year in 
the way of new information in the field of biology 

You have various fields of biology and have about 40 or 50 con- 
tracts and they have been running a long time. What have we come 
up with in the field of biology in the last 7 or 8 years as a result of 
these expenditures / 

Is there anything this year on which you can put your finger? 

Dr. Wuson. I think if one were to put his finger on the most excit- 
ing thing in the biological research area, it would be the kind of thing 
that Dr. Miller of Columbia U niversity and Dr. Fox down at Florida 
State have been doing on amino acid structure, These are the basic 
building blocks of living tissue. Dr. Fox, in the last year or two has 
gone ahead to a point where he is now convinced that “primary’ 
amino acids function as a sort of “transfer agent” for nitrogen. This 
does not mean much to you perhaps, but what I am saying is that he 


believes he has shown in such work that the basic structural : aspect, of 
living tissue, through an evolution: ary stage, 
functional role. 


If you ask a biologist, this is pretty exciting, because he starts think- 
ing, for example, of what life on Mars might be like, if there is life 
there at all. The speculation is that it may be something that a biolo 
gist would refer to as “amino acid soup.” These are not living tissues 
in the sense of a human being, but in the sense of a replicative material 
which may be the core of the life process. 

With respect to other parts of biology, this sort of development is 
exciting in the sense that when you start thinking about the basic 
building | a ks of living tissue, you start thinking about its genetic 
aspects. The matter of the biochemical nature of the gene for example, 
is direc tly re ol ited. The kind of outside evidence that would support 
my contention that the area is exciting and important is the fact that 
in the last 2 years Nobel prizes have been awarded to American scien- 
tists working in this area of biology. 

Now, if you think of the life science spectrum, the next step that 
one might think of from this basic building block concept, is the basic 
substructure of enzymes. This is becoming more familiar te ‘rritory 
to you since you have read about enzymes. Enzymes do certain kinds 
of things in cellular and physiological activities. 

In this area we have recently made a grant to Dr. Chance of i” 
University of Pennsylvania. Dr. Chance has adapted physical s 
ence techniques to a point where they are yielding information as to 
the way energy changes take place; for example, how light energy 
is changed to chemical energy in living tissue. Here is where photo- 
synthesis comes in. In a different. sense, the matter of what is the 
basic structure of living material is exciting when you start talking 
about viruses. The fundamental nature of viruses appears to be that 
they are some form of relatively simple biochemical structure. 


takes on a fundamental 
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Mr. Evins. There are other exciting things in the field, I am sure. 
[ have not heard all the testimony, but what are your big problems 
that you would like to attack principally, Dr. Waterman ‘ , 

Dr. Waterman. In research or the whole program ? 

Mr. Evins. The whole program. 

Dr. Waterman. We want to be sure competent research scientists 
in the country have what they need to work with. This is important 
so they can get on with the progress in science, 

Second, they need to have research facilities where these are really 
required. Some of these are extremely costly, but if the scientists 
say they cannot learn further ina partic ular aspect of science without 
these facilities, then we have to take it ser lously. 

Then, one immediate problem I spoke about is some way in which 
we can help the strength and flexibility of the institutions themselves 
This is quite a problem. If they cannot do this locally, the thing 
we are sure of is it must be done. Where the Federal Gover nment 
does this, and how, is always a question. One would like to see pri- 
vate universities subsist on their own endowments, but that day seems 
to have passed. So if they are to do the kind of work which we think 
science should do, and which the country expects of them, then we 
have to find ways to help them do it. Therefore we have ways of 
training the teachers, we have fellow ships, research grants and grants 
which involve a certain degree of training, and certain facilities if 
we find they have to have them. Aside from that there is the whole 
problem of strengthening education in science, the training of teachers, 
the identification of people with aptitudes, and provision of opportu- 
nities for those who have the aptitudes to carry through and go as 
far with their professional training as can be done. 

Finally, we feel it is most. important in these days when scientific 
and technical questions are becoming national issues that the people 
as a whole should have some apprec lation of what it is that science 
does, what basic research means, and how this gets translated into 
things that matter. 

Mr. Evins. Does the Bureau of the Budget have an absence of 
appreciation of your overall request? How much did they deny you, 
or did they give you the full limit of your request ¢ 

Dr. Warerman. Each year in the President’s budget we have been 
allowed an increase. In direct answer to your question, we asked for 
$214,835,000 and we were allowed $190 million. 

Mr. Boianp. | hope 1 in the record with regard to the challenge to 
education you document that in detail so that we can stir the feelings 
of the American people. I think that the greatest challenge that 
faces America is with reference to education. We do not seem to 
be able to stir the imagination of the American people as it ought 
to be stirred. 

Dr. Warerman. We will be very happy to cooperate in that. I 
feel sure the important thing is to bring an understanding of these 
problems home to the citizens of the country. That is really the way 
to get things done. 

Mr. Bonanp. I think a better record is being made here with ref- 
erence to this problem than in any committee I have sat on. The full 
Appropriations Committee heard Admiral Rickover. I read what 
might be called the rebuttal by Dr. Derthick, the Commissioner of 
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Education. I think that a better record has been written here. I 
think that it will bea useful record. 

Mr. Jonas. I think that we ought to take notice of the fact that 
our old friend Dr. Klopsteg is here. I see that you are carried on 
the list as a special consultant. We are glad to have you. 


SCIENTISTS OF TOMORROW 


Now, I want to ask Dr. Kelly what developments have occurred 
in the past year with our friend out in Oregon that runs Scientists 
of Tomorrow. Are they still operating? 

Dr. Ketiy. We have not heard from them this y Have you 
heard from him ? 

Mr. Jonas. I have a letter but I do not think he would want me to 
read it. He said that you sent an evaluator to call on Dean Gilfillan 
of the School of Science at Oregon State College, and he started off 
by criticizing the program as if it had been prejudged before he asked 
any questions. I wonder who your evaluator was? 

Yr. Ketxy. I would be much surprised if our staff acted that way. 
We are all very careful to behave like good civil servants. 

Mr. Jonas. Do you know who was sent out there? 

Dr. Dees. We had an evaluation contract this past year, Mr. Jonas, 
with Science Research Associates in Chicago, and they undertook— 
under this contract—to get some consultants that visited a number 
of projects of this nature. Certainly no one we sent from our organi- 
zation would have dared do a thing of that kind. I would have to 
check with the contractor to find out who the person was and what 
the basis of his comments may have been. 

Mr. Jonas. We did not invite the report; it just came in. I thought 
it was worthwhile calling to your attention for any comment you 
might want to make, They run an institute down in my part of the 
country at Clemson College, and that institution continues to renew 
with them, so I take it from that they find it a very satisfactory 
arrangement. 

Dr. Ketiy. Our position is that we want to encourage non-Federal 
agencies, industry, and the like, and not discourage them. The Sci- 
entists of Tomorrow group wanted us to support them financi: ally, and 
we would rather make grants for such projects directly to the col- 
leges and universities rather than through a middleman. 

Mr. Jonas. Did they not ask you to support the institutions, the 
host college 4 

Dr. Ket. Oh, yes, but we did not have enough money to support 
all of the proposals. I think we were able to support only about 
a fourth, 

Dr. Ders. I think that is correct. 

Mr. Jonas. You could not get around to theirs? 

Dr. Ketry. That is right. 

Mr. Tuomas. Thank you gentlemen. It is always nice to do busi- 
ness with you. I hope that you gentleme n, Dr. Waterman and your 
staff, will work these programs over carefully. You go up $30 or 
$35 million every year. The nuaberialie likes to go along with you, 
but let us not break our necks now by our own speed and ‘get tripped 
HP going around the corner. Let us take it a little easy. We have 

had an educational system in this country for 150 years or more, 
and we have not done too badly. Let us not try to overhaul it com- 
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pletely in 2 or 3 years and bring about revolutionary changes that 
the public is not going to accept. 

Mr. Yates. And that leads me to my question, how much money 
did you ask the Bureau of the Budget for ? 

Dr. WATERMAN. $214,835,000. 

Now, I would like to say this, scientists are picking it up and others 
too—the analogy in the development of nuclear energy. You will 
recall one could not make a nuclear atomic bomb until he got what 
the scientists called a critical mass, and then everything clicked. Well, 
we feel about this educational program, the kind of things we are 
doing, the summer institutes, will develop an interest in getting these 
things done and when it reaches a critical mass these things every- 
body will do. Weare hoping this will happen. 

Mr. Tuomas. You are touching the teachers and the teachers are 
very close to the students and the students are very close to mama and 
papa, so you really have something there in your institutes. I ex- 
pect when it is all said and done that is by far the best part of your 
program. Maybe your fellowships are equally as important. If 
you pursue those two programs carefully it looks to me you might be 
able to cut out some of your other programs. If these two do not 
produce results your others will not. You ought not start running the 
100-yard dash in 9.2. You better take it easy for the first 100 yards. 

Mr. Jonas. Can you cite any case where any beneficiary of this 

rogram has received a prize such as the Nobel Prize for work he 
as done, or any other significant breakthrough in any field? 

Dr. Waterman. We supported many of the scientists that Dr. Wil- 
son mentioned here. 

Dr. Wuson. I think that it should be pointed out the Nobel Prize 
usually follows about 8 or 10 years of work. 

(Discussion off the record.) 

Mr. Jonas. Do you have any case that you can cite us for the record 
of beneficiaries of the program who have made significant contribu- 
tions, who have received honors for their work ? 

Dr. WaTerMAN. We can furnish that information for the record. 

(The requested information follows :) 
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NATIONAL SCIENCE FOUNDATION HoNoRS AND AWARDS RECEIVED BY RECIPIENTS 
oF Basic RESEARCH GRANTS 


Mathematical, physical, and engineering sciences 


ASTRONOMY 





Name | Institution Honor or award 


Burbidge, E. Margaret; Yerkes Observatory, Univer- | Helen B. Warner Prize of the American 


Burbidge, Geoffrey. | sity of Chicago. Astronomical Society 
Goldberg, Leo picketed University of Michigan Election to National Academy of Sciences. 
Greenstein, Jesse L........._.| Mount Wilson and Palomar Do. 


Observatories, California In- 
stitute of Technology. 
.| University of Michigan and 1) Election to National Academy of 
AURA. Sciences. 
2) Wetherill Medal of Franklin Institute. 
(3) President’s Medal for Merit. 
Meinel, Aden ..----------| Kitt Peak National Observa- | (1) Helen B. Warner Prize of the American 
|} tory. Astronomical Society. 


MeMath, Robert R- 


} (2) Lomb Prize of the Optical Society of 
| America. 

Morgan, W. W _.........| Yerkes Observatory, Univer- | (1) Election to National Academy 
sity of Chicago (2) Catherine Wolfe Bruce Gold Medal of 


the Astronomical Society of the Pacific 
Case Institute of Technology..| Case Achievement Award 
Princeton University ; 1) Election to National Acaddemy 
| (2) Neweomb Cleveland Prize of the Amer- 
| ican Association for the Advancement of 


Nassau, J. J__. . 
Schwarzschild, Martin... 


| science 
Strémgren, Bengt. .......__. | Institute for Advanced Study.) Catherine Wolfe Bruce Gold Medal of the 
| Astronomical Society of the Pacific. 
Struve, Otto___- .| National Radio Astronomy | (1) Gold Medal, Royal Astronomical 
Observatory. | Society 


(2) Bruce Gold Medal 


| 3) Draper Gold Medal (National Acad- 
| emy 

| (4) Rittenhouse Medal 

} 5) Russell Lecture of American Astronom- 


ical Society. 
6) Elected a corresponding member of 


| } the French Academy of Sciences 
Van Biesbroeck, George | Yerkes Observatory, Univer- | (1) Gold Medal, Academy Copenhagen 
| sity of Chicago | (2) Donahoe Comet Medal. 
| (3) Burr Prize, National Geographic 
| Society 
} | (4) James Craig Watson Meda f the 
| | National Academy of Sciences 
Walker, Merle F_. | Lick Observatory, University | Helen B. Warner Prize 
| of California. American Astronomical Society 
Whipple, Fred L | Smithsonian Astrophysical! | (1) Election to National Academy of 
Observatory Sciences 
2) Donohue Medals. 
3) Presidential Certificate of Merit 
4) Smith Medal (National Academy 
ATMOSPHERIC SCIENCES 
Bjerknes, Jacob (jointly | University of California Carl-Gustaf Rossby Awa 
with Erik Palmen). 
Byers, Horace R s | University of Chicago The Charles Franklin Brooks Award 
Fleagle, Robert G | University of Washington ‘he Clarence LeRoy Meisinger Award. 
Moore, Charles B. (jointly | Arthur D. Little, Inc Special award 


with Comdr. Malcolm D. | 
Ross). 
Petterssen, Sverre. University of Chicago Gold Medal Award 


Corey, E. J.-.-. 


Djerassi, Carl 
Grunwald, Ernest M 
Stork, Gilbert J 

ere fe. O...... 


Johnson, W. S___._-- 
Woodward, R. B 
Debye, Peter J 
Emmett, Paul H 
Ferry, John D. 
Pickett, Lucy W 
Buchi, George H 


Djerassi, Carl 
Swain, C, Gardner 


Kistiakowsky, G. B 


Libby, Willard 


Noyes, W. A 
Brown, H. C 


Culbertson, James B 


Dyer, Elizabeth 
Fieser, Louis F 
Jonassen, Hans B 
Powell, R. E 


Scott, A. F 


Thiessen, G. W 


Ewing, W. Maurice 


Nier, Alfred O 
Verhoogen, John 


Eliassen, Rolf 
Gerand, George 


Kline, Stephen J 
Marin, Joseph 


Marshall, W. R., J1 

Mehl, Robert I 
Oldenburger, Rufu a 
resem, Bet B. ...casenec 
Rinehart, John S_- 

Rouse, Hunter _. 

Shaw, Milton C............. 
Sliepcevich, C. M. 


Treybal, Robert E 
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CHEMISTRY 


Institution | 
| 


Harvard University - 


Stanford University __- 

Florida State University | 
Columbia University. ._-- | 
Purdue University 


University of Wisconsin 
Harvard University 
Cornell University 

Johns Hopkins University 
University of Wisconsin__. 
Mount Holyoke College 


| 
| 
| 


Honor or award 


American Chemical Society Award in Pure 
Chemistry. 


Do. 

Do. 

Do. 
American Chemical Society Award for 
Creative Work in Synthetic Organic 


Chemistry. 
Do. 
Do. 
Nobel Laureate; Kendall Award. 
Kendall Award, 
Do. 
Garvin Medal. 


Massachusetts Institute of | Fritsche Award. 
Technology. 
Stanford University | Do. 
Massachusetts Institute of | American Chemical Society Award. 
Technology. | 
Harvard University Gibbs Medal. 
University of California, Los | Do, 
Angeles. 
| University of Rochester Do. 
Purdue University Nichols Medal (New York section of 
American Chemical Society). 
Cornell College... Manufacturing Chemists Association 
Award. 
University of Delaware : Do. 
Harvard University : Do 
Tulane University Do 
University of California, Do 
Berkel y. 
Reed College Do 
Monmouth College Do 
EARTH SCIENCES 
Lamont Geological Observa- | Agassiz Medal; William Bowie Medal; 
tory. Vetlesen Award, 
University of Minnesota. ..- Day Medal. 
University of California, Do 


Berkeley 


ENGINEERING SCIENCES 


Massachusetts 
lechnology 
New York University 


Institute of 


Stanford University 

Penn State 

University of Wisconsin 

Carnegie Institute 
nology 

Purdue University 


ol 


Pech- 


University of Illinois 

Colorado School 

State University of lowa_- 

Massachusetts Institute 
Technology. 

University of Oklahoma. 


of | 


New York University 


George Westinghouse Award. 


Curtis W. McGraw Research Award of 
Engineering College Research Council. 

Melville Medal, ASME 

George Westinghouse Award. 

Professional Progress Award of AICHE, 

Vincent Bendix Gold Medal, ASEE. 


International Federal of Automatic Con- 
trol Award 
George Westinghouse Award 
Presidential Certificate of Merit. 
George Westinghouse Award. 
Do, 


Curtis W. McGraw Research Award of 
Engineering College Research Council. 
George Westinghouse Award, 
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MATHEMATICAL SCIENCES 














i 
Name | Institution | Honor or award 

I | University of Wisconsin _ ..... | Chauvenet Prize.! 
Courant, Richard ___..__-- New York University.........| Navy Distinguished Service Award. 
Harish-Chandra_____..___- | Columbia University__.......| Frank Nelson Cole Prize.? 
Kodaira, Kemihiko____.____| Princeton University__.._. _...| Fields Medal. 
SS ee | University of Virginia_....._._..| Chauvenet Prize.! 
Rosenlicht, Maxwell A__._-. University of California, | Frank Nelson Cole Prize. 

Berkeley. 
Selberg, Atle_._.___- Deane oie Institute for Advanced Study..| Fields Medal. 
Stoker, James J........_- ...-| New York University_........| Dannie Heineman Prize. 
‘Tet, s0m..................| Harvard University..........-. Frank Nelson Cole Prize.? 





1 Chauvenet Prize: Awarded every 3 years for a noteworthy expository paper in mathematics. 
2? Frank Nelson Cole Prize: Awarded twice every 5 years for notable research, once in algebra, once in 
the theory of numbers. 


* Dannie Heineman Prize: Awarded every 3 years for an outstanding expository book in mathematics, 


PHYSICS 
> ee University of Virginia.......-- John Scott Medal. 
Daunt, John G..__..........| Ohio State University - -...__- 33d Dudell Medal 
ST oo University of Michigan ------ Charles Boys Prize of British Physical 
Society. 
Inghram, Mark G.._........- University of Chicago__.....-- J. Lawrence Smith Medal. 
Kittel, Charles. ............. University of California, Oliver E. Buckley Solid-State Physics 
Berkeley Prize. 
Kusch, Polycarp..-........-- Columbia University —.......- Nobel Prize in Physics. 
Weber, Joseph. --.......-.- University of Maryland_....-- Gravity Research Foundation Award. 





SOCIAL SCIENCES 


| 


Siegal, Sidmey.............-- NT en, Monograph Prize of the American Acad- 
| emy of Arts and Sciences. 

Festinger, Leon-...........-- | Stanford University_.........- | Distinguished Contributor Award, Amer- 
ican Psychological Association. 

Coon, Carleton S_........... ae Election to National Academy of Sciences, 

Haury, Emil W__.........-.. University of Arizona i ---| Do. 

Herskovits: Melville J_..... Northwestern University -..--| Do. 

Movius, Hallam O., Jr_.-.-- | Harvard University.........-- Do. 

Smith, Cyril Stanley_...._-- University of Chicago. Do. 

DeSantillana, Giorgio.......| Massachusetts Institute of | Guggenheim Foundation fellow. 

Technology. 
Beardsley, Richard K_._-- University of Michigan__.____| Do. 
Sebeok, Thomas A..-.---_-- Indiana University - - -- ‘ | Do. 


Biological and medical scrences 


DEVELOPMENTAL 





A eee Johns Hopkins University. ...|. NRC fellow; Fulbright scholar 


Boell, E. J........-..........| Yale University Fulbright fellow; Rockefeller fellow 

iy a es .--| Princeton University ---- .| Rockefeller fellowship (traveling); Guggen- 
heim fellow, Waksman Award; Member, 

NAS 

Clement, A. C_.. ee Emory University - --.--- s Guggenheim fellow 

Cleveland, L. R-_--- ....--| Harvard University NRC fellow; member, NAS 

Costello, D. P__._--- . University of North Carolina_| NRC fellow 

Erickson, R. E_. i sae University of Pennsylvania_.._| Guggenheim fellow 

Goodrich, H. B__.--- ...| Wesleyan University. ...| Honorary Science Degree, Hamline, 1952; 
Amberst, 1954. 

Lash, J_...........-.-.......| University of Pennsylvania__.| Whitney Foundation fellow 

| LE ee University of California NRC fellow 

puets, ©. B..icdi 2... ..--| Florida State University “a Do 

Raper, K. B__-_- aera | University of Wisconsin.......| Member, NAS. 

ae arial anleitettad Albertus Magnus College... NRC fellow; Guggenheim fellow 

Sen | University of Montreal........| Honorary Dr. Nat. Univs., Argentina; 


Rockefeller fellow; Casgrain and Char- 
| bonneau Prize; Medal, Accad. Med. 
Fisica, Italy, 1950; fellow Royal Society, 
Canada, 





0 Boston Dispensary -.----- _.| Rockefeller fellow. 
Thornton, C, S........----..| University of Wyoming | Fulbright fellow. 
Rs copendncenaensiee | Massachusetts General Hos- | Guggenheim fellow. 
pital. | 7 
NI Tit ME xix: intrenirenemeiee Harvard University..........- Honorary Sc. Dl, Acadia, 1948; NRC fel- 


| | low; member, NAS. 
IE Wien cccsioecnnwe University of Pennsylvania...| NRC fellow. 


eee 
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ENVIRONMENTAL 





Honor or award 





Name | Institution 
enteg, Ws TE ain cccsemsttintn | Dartmouth College---._....... 
Burholder, Paul............. Brooklyn Botanic Garden..... 
Cain, Stanley...............| University of Michigan-.-._.--| 
Geet, AOS... ..cncencenicnse University of Florida._........ 
Chaney, Ralph.............. University of California_.....- 
Gerking, Shelby...........-.. University of Indiana__....... 
OO aa University of Wisconsin.....-- 
Humm, Harold-_............. Duke University | 


Oe |, ee 
Ketchum, Bostwick .......-- 
MacArthur, Robert 
Odum, Eugene.............. 
Odum, Howard T 
Painter, R. H 


Park, Thomas. __ 
Sargent, Frederick i... 


Went, Frits W 


| 


University of California 
Woods Hole 
Institute. 
University of Pennsylvania. -- 
University of Georgia 
University of Texas 


Oceanographic 


University of Chicago 
University of Illinois 


California Institute of Tech- | 
nology. 





| 
| 





George Mercer Award. 
Member, NAS. 


| Honorary degree, University of Montreal; 


distinguished professorship, University 
of Michigan. 


| Daniel Geraud Elliott Medal. 


Member, NAS. 
George Mercer Award. 


| President elect, Ecological Society. 


Jacques Loeb associate in marine biology, 
a Rockefeller Institute fellowship, to 
work at Marine Biological Laboratory. 

Member, NAS. 

President, ASLO. 


George Mercer Award. 
Do. 
Do. 


| Gamma Sigma Delta national award for 


distinguished service to agriculture. 

President elect, AAAS. 

Award from International Society for Bio- 
climatology and Biometeorology, for 
achievement in bioclimatology. 

President, Botanical Society Distinguished 
Botanist; member, NAS. 





FACILITIES 





Hendricks, Sterling B..-.... 


Long, C. N. H 


U.S. Department of Agricul- 


| 

| 

i 

ture. | 
| 

| 


Presidential citation; member, NAS. 








Cc ooper 


b canhieaiameaaebian Yale University...............| Pharmaceutical Manufacturing Award; 
| member, N AS. 
Thimann, Kenneth V.....-- | Harvard University..........- | Member, NAS, 
GENETIC 
Anderson, Edgar...........- Missouri Botanical Garden_- __| Member, NAS; Guggenheim fellow; 
Order of Yugoslavian Crown. 
Bemmer, David........ssc0 | Yale University................| Member, NAS. 
Brink, R. A... sbabituhsdltideittesaialt University of Wisconsin Do. 
OO a University of Rochester. | Guggenheim fellow. 
Delbruck, Di ised ciemdiandciaiaaan California Institute of Tech- | Men iber, NAS; Rockefeller Foundation 
nology. fellow. 

Dobzhansky, Th.-......-.-- | Columbia University - Member, NAS 
A i SS .| University of Notre Dame Cabot research fellow. 
ON Ti aad Long Island Biological Asso- | Member, NAS; Order of St. Sava, Yugo- 


eel 
Fox, A. 8 
Ginsburg, 
Grant, V. 


Green, 
eee 
Horowitz, Norman 


Kalckar, Herman 
Lederberg, J 


Lerner, M 


I ia cia teeta 
Manglsdorf, F. C 
Novitski, E 
Owen, R 


Plaine, H. L 
tia csi 
Rhoades, pppoe 
Rick, C. 
Roman, H slelbieditetaein cial 
Ross, James G-__. 
Stalker, H. D 
ON A a ee 
Sonneborn, T 
Stern, Curt 
Starr, R. C 


ciation. 
Kansas State University 
Michigan State College. 
University of Chicago......_-- 
fancho Santa Ana Bontanic 


slavian Government, 
Guggenheim fellow. 
Fulbright fellow. 
Sheldon fellow. 


Garden. | 


University of California 

Indiana University 

California Institute of 
nology. 

Johns Hopkins University 

Stanford University 


Tech- 


University of California. _....- 


iad CS. sdintniispninninehenael 
Harvard University_........-.| 
University of Missouri 
California Institute of 
nology. 
Ohio State University 
Harvard University 
Indiana University 


University of California.....--| 


University of Washington 


South Dakota State College--_!| 


Washington University - - 
University of Missouri 
Indiana University 


Tech- | 


NRC fellow. 
Guggenheim fellow. 
| Do. 
NRC fellow; Guggenheim fellow; Ful- 


bright fellow. 
Member, NAS. 
Nobel Prize; 
NAS. 
Guggenheim fellow; Borden Award; Re- 
search Prize, Poultry Science Asso- 
ciation; member, NAS, 
Guggenheim fellow; NRC fellow. 
Member, NAS. 
Guggenheim fellow. 
Gosney fellow. 


Pasteur Award; member, 


NRC fellow. 
Do. 
| Member, NAS. 
Guggenheim fellow; Campbell Award. 
Guggenheim fellow. 
Do. 
| NSF senior postdoctoral. 
| Stevenson Award. 
| Member, NAS; NRC fellow; Prize AAAS, 


University of California___..--| Member, NAS; Sigma Xi lecturer. 


Indiana University 


| Fulbright fellow. 








Name 


Taylor, Herbert __- 
Thomas, C. A., Jr 
Treffers, H. P 
Walters, M.S 


Warren, D. C 


Witschi, E 


Wright, Sewall 





Chaikoff, I. L 
Friedmann, Herbert 


Knight, Stanley G 


Lipmann, Fritz-__-_- 
Mirov, Nicholas T- 


Nash, Jr., Thomas P 


Wright, Lemuel] D 


Barker, Horace A 
Van Niel, C. B 
Vickery, H. B 


Wilson, Perry 


Alberty, R 
Anderson, Thomas F 


Baldwin, R. L 
Blinks, Lawrence 
Bloch, Konrad 
Boyer, P. D 
Chance, Britton 


Cohn, Mildred 


Colowick, Sidney V -- 
Coon, M, J 
Doty, Paul 
Edsall, John T 
Fruton, J. M 
Gross, J 


Heidelberger, Michael 


Kabat, E!vin A 
Kaplan, Nathan 
Koffler, H 
Kornberg, Arthur 
Lardy. H. A 
Lehninger, Albert 
Luria, S. E 
Pauling, Linu 
Solomon, A. K. 
Szent-Gyorgyi, 


Vennesland, Birgit 
Wald, George 


Warner, R. C 
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GENETIC 
Institution 


Columbia University 


Johns Hopkins University 


Yale University 

Santa Barbara 
den 

Purdue University 


Botanic 


(rar 


State University of lowa 
University of Wisconsin 


METABOLIC 


University of California 
Smithsonian Institute 


University of Wisconsin 


Rockefeller Institut 
University of Californ 


University of Tennesse: 


Cornell University 


University of California 
Stanford University 
Connecticut Agricultural Ex 
periment Station 
University of W 


isconsin 


MOLECULAR 


University of Wisconsir 
Institute for Cancer Research 


Stanford University 
Hopkin’s Marine Station 
University of Chicago 
University of Minnesota 
University of Pennsylvar 


Washington University 


Vanderbilt Universi 
University of Michi 
Harvard University 
do 
Yale University 
Massachusetts 
pital 
Rutgers University 





1H 
al os 


crenerT 


Columbia Universit 
Brandeis Universit 
Purdue University 
ford Un 
University of Wiscon 


tr. 


Stan versity 


Johns Hopk ns Univer 


Massachusetts Institute of 
Technol 

California Institut 
nology 


Harvard University 


Woods Hole Marine Bi 
cal Laboratory 
University of Chicago 
Harvard University 
New York University 





Continued 


Hlonor or award 


Sigma Xi national lecturer. 
NRC fellow. 

Fulbricht fellow 
Guggenheim fellow 


Borden Award; Research Priz 
Science Association 
tockefeller Foundation 
national lecturer 

Society of Zoology. 
Member, NAS 


e, Poultry 


fellow 
president, 


Siema Xi 
American 


Endocrine Award 
Daniel Giraud 
“The Honey Gui 
3d award of the t Wisconsin 
for his research establishing a elycerine 
derivative, triacetin, as a new fungicide, i 
Nobel Laureate; member, NAS 
Distinguished Service Award of U.S. De 
partment of Agriculturs 
ACS, Memphis Section, for ‘ 





Medal for hi 


book, 





ersity of 


distinguished 


service to professional chemistry in 
pouthern States 

Borden Award in Nutrition A merican 
Institute of Nutrition Award for new 
microiolovical assay procedures for Vita- 
mit 1 discov f} vtit 

Member, NAS 


Do 


D 
Do 


Eli Lilly Award 
Silver Medal of Inst 


heim fellow 


Guggen- 






Guggenheim fellow 

Member, NAS; Stephen Hale 

Member, NAS 

Paul-Lewis Laboratories Award 
Member, NAS; President Science Ad 


visory Committee; Presi 
cate of Merit 
Established investigator of the American 
Hleart Associatior 
Eli Lilly Award 
Paul-Lewis Laboratori Aw 
American Chemical Society 
Member, NAS 
Member, NAS 
Establishe 
Heart 
Member, 


lential Certifi 


Award 


Eli Lilly Awar 
investigator of the American 
Association 

NAS; Ehrlich 


Silver 


Medal; 


Chevalier, Legior i’ Honneur Lasker 
Award 
Eli Lilly Award 
Eli l vy Award in Bio I 
Eli Lilly Award in Bacteriolo 
. Prize 
Pa Lewi I rator \ 
Neulv Me 
Member, NAS; Paul-Lew La 
Award 
Nieuwland lecturer, Notre Dan 
Nobel Prize 
Board of editor lou of Gens Phvs 
iology 
Member, NAS; Cameron Prize; Lasker 
Award 


Stephen H 

Member, 
Award 

Representative o American 
Biological Chemists to Din 

, NAS 


es rT 
NAS; E Lilly Award; Lasker 
Society of 
on of Medi- 


cal Sciences 


Name 
Watson, James D_--..-.--.. 


Westheimer, G. H_-- 4 
Wood, Willis A-.--- x 
Wyckoff, Ralph W.G | 


Asch, Solomon. ...-..-.-. 
Beach, Frank A. 


Emlen, John T__ 
Estes, Williarn K 


Gibson, Eleanor 
Held, Richard 
Hovland, Carl I 


Kohler, Wolfgang 


Lindsley, D. B 
Meehl, P. E 


Michener, Charles D 


Mill r, Neal 


Pfaffmann, Car! 
Richter, Curt I 


Stevens, 5. Smith 


Von Bekesy, Georg 


Code, Charles F 
Dixon, Frank J., J 


Forster, R. P 
Gilbe rt, Pe rry 
Gorbman, Aubrey 
Hisaw, F. L 
Hungate, R. E 
Robertson, O. H 
Stebbins, R. C 
Skoog, F. K 

Ad iph, B, | 


Steere 


William C 


Wood, Ric nar i 
Coolidge, Harold 


Cuatrecasas, Jose... 
Banner, Albert H__. 


Bigelow, H. B 
Barksdale, Alma... 


Anderson, Sidney. 


Townes, Henry K., Jr. 
Couch, John 


Keck, David D 
Romer, Alfred 
Bailey, Irving W 
Mayr, Ernst 
Welk r, Neal 


171 


MOLECULAR—Continued 





Institution Honor or award 
Harvard University--.-- Eli Lilly Award in Biological Chemistry. 
do Member, NAS 
Michigan State University_...| Eli Lilly Award 
University of Arizona.-_. Member, NAS. 
PSYCHOBIOLOGY 
Swarthmore College_.-..--- Invited scholar, LAS 
University of California ; Invited scholar, Center for Advanced 


+ 


Study in the Behavioral Sciences; APA 
distinguished scientific contribution 
award, 1958, member, NAS. 

University of Wisconsin : Guegenheim fellow 
Indiana University Invited scholar, Center for Advanced 
study in the Behavioral Sciences. 


Cornell University ..-| Invited scholar, LAS 





Brandeis University Do 
333 Cedar St., New Haven, | APA distinguished scientific contribution 
Conn :ward, 1957 
Dartmouth College... ._-- Invited scholar, IAS; member, NAS; 
APA distinguished scientific contribu- 





tion award, 195 

University of California__. Member, NAS; APA distinguished scien. 
tific contribution award, 1959. 

University of Minnesota. APA distinguished scientific contribution 
award, 1958 

University of Kansas_- Guggenheim fellow 

Yale University APA distinguished scientific contribution 


ward, 1959; member, NAS 





Brown University Member, NAS 
Johns Hopkins University. . 4 nguished scientific contribution 
Harvard University--. Member, NAS; APA distinguished scien- 
tific ntribution award, 1958; Guggen- 
heim fellow 
ao Member N AS 
do Do 





REGULATORY 


Mayo Associates 


Smith Medal and Award, AAAS. 
University of Pittsburgh mit} 


Ss Award Parke-Davis 
Award in Experimental Pathology. 


Dartmouth College | Guggenheim fellow 

Cornell University D 

Oregon State College Do 

Harvard University Member, NAS 

State College of Washington Guggenheim fellow 

Stanford University Member, NAS 

University of California Guggenheim fellow 
University of Wisconsin Stephen Hales Prize 
University of Rochester Presidential Cert ite of Merit 





SYSTEMATIC BIOLOGY 


New York Botanical Garden Honary degree, docteur-es-sciences, Uni- 
versity of Montreal. 








University of Rhode Island Fulbright Award, 
National Academy of Sciences, | King of Cambodia made him an Officer of 
National Research Council Monisaraphon, an order of merit for 

literary and scientific service. 

Smithsonian Institution.......| Cruz de Boyaca, decoration by Govern- 
I -ol t 

University of Hawaii 

Yale University 

New York Botanical Garden-_.| Carnegie fell yw; Guggenheim 


University of Kansas. iety of Mam- 
University of Michigan 
University of North Carolina Grand Prize; 
New York Botanical Garden. 
Harvard University 

do 

do 


Swarthmore College 


incil 


Medal 
ence officer for 
legree from 





Ta. 
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SYSTEMATIC BIOLOGY— 





Continued 





Name 





I  coiceammeain 
Howard, Richard_.....___._- 
Munz, Philip...._- 


St. John, Harold 


Taylor, William R 


Hungerford, Herbert...._._- 
I 


Schmidt, Karl P. (deceased) 


Alexander, Charles P 


Archer, Allan - 
Abbe, Ernst C_-.- 
Axelrod, Daniel 
Boke, Norman 
Bolin, Rolf. 


| 
| 
1 
aasesoon } 


Cable, Raymond M_.-....--- | 
Correll, Donovan 8 

Thorne, Robert 
Cutler, Hugh ___----- 
Dodge, Carroll W 
Dawson, E. Yale......-.-..-- 
Durham, John-W ---- 
Emerson, Alfred E...-.....- 
Foster, Adriance S.....-.--- 
Fulford, Margaret 
Garay, Leslie A 
Gates, Gordon E.-_...-- 
Gordon, Myron win 
Gressitt, J. Linsley--- 
Hall, E. Raymond....--- 
Harper, Francis. ..------- 


cn iceminemone ‘ 
Jones, George N 
Lane, Frederico 


Lewis, Harlan._....---.- 
Linsley, Earle 8_- 
McClung, Leland 8------ 
MeCiure, F. A...-.-.--.... 


Mohr, John L..-..-... . 


Morton, Conrad....-.-.---- 
Ownbey, Gerald B.....-.--- 
Ownbey, Marion_.- 
Papenfuss, George F 
Polounin, Nicholas. 


Proskauer, J. M-- 
Remington, Char] 
Ripley, 8. Dillon. 
Ross, Edward 8-_-.-- 
Ross, H. H. 


Schneirla, T. C- 


Schultes, Richard E- 
Schuster, Rudolph 
Sharp, Aaron J 
Singer, Rolf 


Smith, Albert C_. 
Stannard, L. J 
Stebbins, G. L 
Steward, Albert 
ceased). 
Stirton, R. A 
Stunkard, Horace 
Thompson, Rufus H 
Tinkham, Ernest R 
Twitty, Victor C. 
Wilson, Mildred 8. 
Wilson, Robert W 
Yunecker, Truman G 


N. (ce 


erence | 


.-| University 


Institution 


Honor or award 


Neen eee ere eee 


University of Illinois___..____- 
Harvard University.......___. 
Rancho Santa Ana Botanic 
Garden. 
University of Hawaii 


University of Michigan 


University of Kansas.....____- 
Michigan State College 


Chicago Natural History Mu- | 
seum., 


University of Massachusetts_ - 


Union University.......---.-- 
University of Minnesota. - 

University of California 
University of Oklahoma 


| Stanford University 
Braun, Emma Lucy---.----- | 


Ohio Academy of Science. -- - 
Purdue University cabieaant 
Texas Research Foundation 
| State University of lowa. 
| Missouri Botanical Garden 
Washington University - - 
Beaudette Foundation. 
of California_-_-. 
of Chicago. 
of California 
of Cincinnati 
niversity 
of Maine...-.-- 
Zoological Society_. 
Bishop Museum.---| 
University of Kansas__-_---- | 
Arctic Institute of North | 
America. | 
University of Washington_-_--| 
University of Illinois oot 
American Museum of Natural 
History. 
University of California. 
i iethia nbd mnermeive 
Indiana University 
Smithsonian Institution 
University of Southern Cali- | 
fornia. | 
| Smithsonian Institution __-- 
University of Minnesota. ..-- 
State College of Washington 
University of California 
College of Arts and Sciences, 
Iraq | 
| University of California_- 
| Yale University-_- ‘ vol 
a ees 
California Academy of Science 
Illinois State Natural Hi 
Survey. 
| American Museum of Natu- | 
| ral History. | 
| Harvard University 
University of Massachusetts 
| University of Tennesses 
Bertram and Roberta 
Neuropsychiatric 
} Program, Inc 
| Smithsonian Institution 
University of Illinois 
University of California 
State College of Oregon 
| 
| University of California 
New York University 
| University of Kansas 
Box, 306 Indio, Calif 
Stanford University ; 
Smithsonian Institution 
University of Kansas 
DePauw University 


University 
University 
University 
| Harvard U 
University 
New York 
Bernice P. 


| 
} 
| 
| 

| 


tory 





Stein | 
Re eure h 





Guggenheim fellow; Darbaker Award, 

Cooley Award. 

Certificate of merit from 
Society of America. 

Honorary member, Botanical Society of 
America. ; 


the Botanical 


Foreign corresponding member of the 
Institut de France, Academie des 
Sciences. 


Joseph Leidy Medal. 

Honorary degree of doctor of horticultural 
science at Hannover Institute, Hannover 
Germany. F 

Member, NAS; Eminent Ecologist Award 
of Ecological Society of America; Gug- 
genheim Award. 

Honorary doctor of science degree, Uni- 
versity of Massachusetts. 

H. B. Rackham postdoctoral fellow. 

Guggenheim Award, 

Do, 
Do, 
Do. 
Do, 
Do. 
Do, 
Do. 
Do. 
Do, 
Do. 
Do, 
Do, 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do 


Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do 

Do. 
Do. 
Do. 


Do. 


Do. 
Do. 
Do 

Do. 


Do 

Do. 

en Award and memb« 
Guggenheim Award, 


Gue } mm) 
{ruge eim 


Do. 
Do 
Do 
Do.* 
Guggenhe 


im Award and m 


| Guggenheim Award 


Do 


Do. 
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Mr. Tuomas. We thank you gentlemen very much. 


Monpay, Marca 14, 1960. 


NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 


WITNESSES 


DR. T. KEITH GLENNAN, ADMINISTRATOR 

DR. HUGH L. DRYDEN, DEPUTY ADMINISTRATOR 

RICHARD E. HORNER, ASSOCIATE ADMINISTRATOR 

MAJ. GEN. DON R. OSTRANDER, DIRECTOR, OFFICE OF LAUNCH 
VEHICLE PROGRAMS 

DR. ABE SILVERSTEIN, DIRECTOR, OFFICE OF SPACE FLIGHT 
PROGRAMS 


IRA H. ABBOTT, DIRECTOR, OFFICE OF ADVANCED RESEARCH 
PROGRAMS 


ALBERT F. SIEPERT, DIRECTOR, OFFICE OF BUSINESS ADMINISTRA- 
TION 

RALPH E. ULMER, BUDGET OFFICER 

JAMES P. GLEASON, ASSISTANT ADMINISTRATOR FOR CONGRES.~ 
SIONAL RELATIONS 

DR. WILLIAM H. PICKERING, DIRECTOR, JET PROPULSION LABORA- 
TORY 


HARRY J. GOETT, DIRECTOR, NASA GODDARD SPACE FLIGHT 
CENTER 

DR. WERNHER VON BRAUN, DIRECTOR, DEVELOPMENT OPERA- 
TIONS DIVISION, ARMY BALLISTIC MISSILE AGENCY, ARMY 
ORDNANCE MISSILE COMMAND 


Mr. Tuomas. The committee will please come to order. 

We have with us this morning the National Aeronautics and Space 
Administration. We certainly have a crowd of distinguished gentle- 
men with us. We are delighted and honored to have ‘all of you. 

Do you have a statement for us, Dr. Glennan ¢ 


GENERAL STATEMENT 


Dr. Guennan. I have a brief one that I would like to read, if I 
may. 

It is my privilege to present the National Aeronautics and Space 
Administration’s $915 million budget appropriations request for fiscal 
year 1961. This sum will support an aggressive, broadly based space 
exploration program essential to our national secur ity. 

NASA takes seriously its responsibility for a program of this mag- 
nitude in the complex ‘and costly business of space research and de- 
velopment. If the Congress approves the funds requested, the United 
States will be able to move solidly toward its long-range goal of 
manned flight to the moon and planets. In the shorter - range, we 
confidently expect to reassert the leadership of this Nation in the 
many branches of technology involved in making possible the prose- 
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cution of a program of scientific research that must certainly lead to 
applications that will benefit mankind the world over. 

The $915 million request is broken down as follows: $621,453,000 
for “Research and development” ; $122,787,000 for “Construction and 
equipment” ; $170,760,000 for “Salaries and expenses.” 

I think it would also be useful to break the request down by pro- 
gram as follows: $129,379,000 for the Office of Advanced Research 
Programs, which is charged with advanced research in aeronautics 
and astronautics; $370, 132,000 for the Office of Space Flight Pro- 
grams, which directs mission pli inning, payload design, and in-flight 
research and operation ; $403,023,500 for the Office of Launch V ehicle 
Programs, which will develop wad launch rocket vehicles; $12,465,500 
for program direction, which includes headquarters operation. 

Before we get into a detailed explanation of our programs and fund- 
ing requests, “I would like to set forth my evaluation of the position 
and responsibility of this Nation in the field of space exploration, 
the broad outlines of our long-range plan, and the underlying philo- 
sophy which influences NASA in the conduct of its many activities. 

I believe that the space exploration program, with manned ex 
ploration of the moon and the planets, is the greatest challenge ever 
to face mankind. 

Space has been the one environment so far inaccessible to man. 
With his successful conquest of the atmosphere, man’s drive to fly 
higher and faster has led him to the edge of space. With increased 
understanding of, and control over, the mechanisms and materials 
of propulsion, it was only a matter of time before he would begin to 
explore the solar system. 

It now seems as though all elements necessary to support of such 
an effort are available to us, provided the people of this country want 
the job done. And I believe they do. 

The space age is upon us and the United States cannot afford to 
lag in space research and exploration even though the cost will be 
high. 

If we accept this situation, we must then consider the desirable rate 
and scale of our space effort. Here, unfortunately, the choice is not 
completely in our hands. The Soviet Union is making impressive 
progress in this field. 

As you well know, the U.S.S.R. is using its space activities fot 
propaganda purposes to persuade the peoples of the so-called un- 
committed nations, whose industrial development has been long de- 
layed, that the Communist way of life is superior in all respects. Only 
as a secondary consideration does the search for new knowledge that 
will one day be useful to mankind, seem to motivate the people in con- 
trol of the Soviet effort. 

Mr. Tuomas. Let me interrupt. When Russia makes a little move 
superior to ours, why do we take it hook, line, and sinker? I doubt 
if half of those underdeveloped countries have heard of space. You 
ean take this country and a good many people do not know who their 
Congressmen are. 

I recall that several years ago we were considerably ahead of Russia 
in atomic energy. We did not moan and groan about that. I do not 
think anyone in the world paid any particular attention to it Cer- 
tainly, we did not get out and beat the drums and say that we have 
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this, that, and the other. Why do we suddenly reverse the situation 
and view Russia as sort of a prod pole for everything? 

Dr. Grennan. I think, Mr. Chairman, I would ‘tely somewhat on 
opinions of Mr. George Allen and Mr. Dulles as to the effects which 
have been encountered in countries other than our own, in countries 
other than those already committed to the Iron Curtain. 

It seems clear that the Soviet Union has made effective propa- 
ganda of the successes they have had. And we have to admit they 
have had successes. They have used these successes in space research 
to convince the less well dev eloped nations that the Soviet Union is 
aggressive, the best nation in all fields of science and technology. I 
think this—to use a Washington word—‘image” has really been 
created. 

Mr. Tuomas. I think the more outstanding “image,” as far as Rus- 
sia is concerned, is in the field of military strength. They can very 
~asily tell the uncommitted people that they have 400 divisions under 
arms, and they can understand that, and the rest of the West has per- 
haps half that amount. They have 400 submarines and perhaps the 
West has 50 percent of that, so why shift the emphasis and use Russia 
as a prod pole in the field of space development, and play down the 
military angle? I think the uncommitted people can understand the 
use of milits ary force much more than they can exploration around 

the moon. I just raise that point—why the shifting position ? 

Dr. GLENNAN. I think it is a good point to raise. I think the con- 
cern here is not so much a shift in our position but a reaction to the 
activities of the Soviet Union in this field, Mr. Thomas. 

As you well put it, we have not found it necessary, or pleasing to us 
in areas where we are ahead to use this as an attempt to subjugate other 
countries because we are not in that business. Our reactions to their 
successes in space have been at times, I think, a little hysterical. 

To me this is only one of the areas in which we are in competition 
with the Communist countries. But it happens to be a very glamorous 
area ; it happens to bea very visible area. 

Mr. Tuomas. I think you have used a very descriptive word when 
you used the word “glamorous.” 

Dr. GLENNAN. I do not think we can afford to ignore the very real 
impact that the Soviet Union is making in translating their success 
in the space field, in the minds of men everywhere, to strength in mili- 
tary things, strength in all the fields of science and technology, and 
ultimately into the strength of a nation in modern terms. 

Mr. Triomas. Somehow or the other we attempt to tie, or do tie, our 
activities in space with our military activities, and the military people 
do not see too much connection. 

Dr. GLENNAN. Are you speaking of our military people? 

Mr. Tuomas. Yes. 

Mr. Yates. The President himself has said that, has he not ? 

Dr. Grennan. No; he has not said that, I think. What he has 
said is that the military will use space to accomplish a military end 
objective. They will use that medium just as they use the land or the 
sea, or the atmosphere. He says there is a program of space explora- 
tion for peaceful purposes, one that ought to turn up very useful 
knowledge and the application of that knowledge for peaceful pur- 
poses for the benefit of all mankind. These are the words of the act. 
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He says the attempt to make a single national program which puts 
together the military and the space ‘exploration program is difficult, 
if not impossible, to do. With this I find myself in agreement. 

Mr. Tuomas. Proceed. 

Dr. Grennan. We cannot ignore the impact made the world over 
by Soviet successes in this field. Theirs have been spectacular and 
apparently successful experiments made possible largely because they 
possess rockets of higher thrust than those presently available in our 
program. 

I am convinced that this Nation must meet the challenge of com- 
munism in whatever contest we find ourselves engaged. Space ex- 
ploration is only one of the areas of competition. But it is the one 
with universal public appeal. It is the one in which they appear to 
the general public, to have a substantial edge. 

I admit their superiority only in the area of propulsion. And I do 
not think they will maintain that superiority for long if we continue 
to build up our capability to undertake experiments that will lead to 
beneficial results and be convincing in the international arena as well. 

It is important, therefore, that we lay out our own program— 
regardless of the direction the U.S.S.R. appears to be taking at any 
given moment—fund it adequately, and press forward with vigor 
and determination. 

In my opinion, we are not going to achieve this superiority by 
excessive expenditures, by concentrating solely upon spectaculars, or 
by responding to the anguished cries of those who seem intent on 
making us believe, and are encouraging the rest of the world to 
believe, that we are so far behind that we may never forge ahead. In 
the first place, except in the impression created by an admittedly able 
effort involving the use of high-thrust, rocket-propelled launch ve- 
hicle systems, I don’t admit to our being behind. Further, our plans 
and efforts to overcome our disability in the high-thrust rocket field 
are movi idh 
ance of the program needs adequate support if we are going to be able 
to utilize the higher thrust effectively when it becomes available to 
us. 

Mr. Chairman, this is not a time for crash programs that lash out 
in many directions regardless of cost. This is a tough problem re- 
quiring sensible planning, adequate support, and continuous efforts 
to move toward solid goals. That is exactly what I propose to set 
forth in broad outline for you now—our first attempt at a plan look- 
ing 10 years into the future. 

‘As you well know, research and development activities do not lend 
themselves to overly definitive planning so far ahead. They are fluid 
by their very nature and subject to continuing review. And, of 
course, what we accomplish next year—and 3 to 4 years from now— 
depends in large measure upon what we achieve this year. 

Subject to these qualifications, however, I think ‘the need for such 
a long-range program is obvious. Most of our programs presume a 
scheduled progress in launch vehicle and spacecraft development. 
We are dealing with leadtimes of 5 to 6 vears—and longer. We 
must have objectives upon which to focus. 

The first chart outlines the anticipated growth in spacecraft weight 
from year to year. “Spacecraft,” incidentally, is a new term that we 
apply to that part of the vehicle which is to be placed into an earth 
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orbit or on a departure trajectory from the earth. The term includes 
the propulsion, attitude controls, and guidance units for maneuvering 
the spacecraft as well as the instrumentation for the experiments to 
be undertaken. 

For comparative purposes, the chart measures spacecraft weight 
that can be projected into a low altitude earth orbit of about 300 miles. 

In the early years our increasing capabilities will come about 
through use of the THOR-AGENA B, ATLAS-AGENA B, and 
ATLAS-CENTAUR. 

In the 1963-67 time period, the SATURN first stage and succes- 
sively improved upper stages using liquid hydrogen- liquid oxygen will 
account for our increased capability. 

I would now like to consider our projected launch schedule which 
is illustrated in the next chart. 

You will note that by fiscal year 1962 and beyond the present variety 
of first stage launch vehicle types will be reduced to one solid propel- 
lant rocket, the SCOUT, and three liquid propellant rockets—the 
THOR, ATLAS, and SATURN. 

The AGENA B and CENTAUR will become our utility second 
stages until larger, high-energy upper stages come into use on 

SATURN in the fiscal year 1965 and beyond. 

Through restriction of vehicle types, and more intensive experi- 
ence with each, we expect to achieve long-needed reliability. 

Beyond SATURN, the use of chemical fuels would lead us to a 
vehicle concept known as NOV A, with four to six times the SATURN 
thrust based upon use of the F-1, 1,500,000-pound single-chamber en- 
gine. Development testing on NOVA would occur in the 1968 time 
er 
The next chart deals with NASA’s mission target dates. You will 
note that in the current year we are initiating tests of several vehicle 
development programs as well as the first orbital experiments in 
meteorology and communications. Also included are the first sub- 
orbital flights of the astronauts later this year. 

Those are the flights which we have described before as utilizing 
the REDSTONE as the launch vehicle for the instrumented c apsule, 
followed by a capsule carrying a primate, followed by manned flight. 
The astronaut is propelled some 125 miles into the air and down range 
about 200 miles. He will have perhaps 5 to 6 minutes of weightless 
flight. 

Mr. Osterrac. Which one isthe PIONEER V? 

Dr. GLennAn. PIONEER V is the flight we sent off on Friday and 
which is doing exceedingly well. 

Mr. Osrertac. Is it shown on the chart? 

Dr. GLENNAN. It is not shown on the chart. I should point out 
in response to your question, Mr. Ostertag, that this listing on the 
chart shows the highlights—the tough experiments we hope | to do in 
the time period shown. It is not intended by any means to be a total 
listing of our program. It would take 15 of those charts to do that. 

In calendar year 1961 we will be working toward the launching of 
an advanced lunar impact vehicle and initiation of CENTAUR flight 
tests. If all goes as planned in Project MERCURY, the first manned 
orbital flight will take place in calendar 1961. 

From this point on, the major milestones in the 10-year plan include 
a comprehensive exploration program of the moon and the near 
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planets, and development of the SATURN vehicle to provide pre- 
liminary data leading toward manned lunar flight beyond 1970. 

Such are the major objectives of NASA as we now see them. We 
are concentrating upon lunar experiments for many reasons. The 
moon is a scientific object of great interest; it may hold many keys 
to the origin of the earth. Furthermore, the lunar distance will pro- 
vide us with the experience to attempt interplanetary flights later 
on. In short, we will be able to perfect our communications, guid- 
ance, and propulsion systems with a lunar target. 

The program for which we are requesting $915 million in fiscal 1961 
will assure steady progress toward the goals just delineated. It isa 
program calculated to yield significant results in the fields of sciene "e 
and technology, results which must certainly strengthen the Nation’s 
position of international leadership. It is a program which we will 

earry out w ith due regard for an oper rating philosophy which combines 
the following elements: I consider these to be important : 

(1) A recognition of the vital role to be plaved by the suecess or 
failure of this program in maintaining the posture of this Nation as 
a leader of the free world. Leadership in space research and explora- 
tion has come to mean leadership in most areas of science and tech- 
nology when viewed by the industrially underdeveloped nations. 

(2) A recognition of the necessity for taking calculated risks in the 
dynamic development of this difficult new technology. Such a policy 
must not be pursued blindly just to meet dates set for political 
other Agree But the pace should be an extremely urgent one. 





(3) A determination to use the oat established in the Space 
Act to encourage cooperative programs i 1 space research with able 


scientists of other nations. The space eal ation program is proving 
to be a natural vehicle for worldwide cooperation in such matters 
as tracking, communications, and meteorology. 

(4) A determination to cooperate with, <a provide support to, the 
Department of Defense. Each must surely benefit from the experi 
ence and findings of the other. Unnecessary duplication must be 
avoided. 

(5) A recognition of the importance of using competitive oo 
industry to carry the major portion of NASA activities. Avoida 
of additions to the Government’s payroll will result in the diverge \- 
ing and broadening of our industrial base for research, development, 
and operations in space exploration. 

(6) A recognition that, while adhering to the concept of open «is 
cussion of the unclassified portion of our activities, it is important 
that we first accomplish our objectives and only then talk about them. 
Difficult as this may be, we will strive to achieve a continually in- 
creasing degree of acceptance of this philosophy. Unlike a dictator 
ship, however, we will continue to announce our failures as well as 
our successes. 

I want to express mv appreciation to the committee for its alert. 
continuing interest in our program. 

With me today are several of my associates who will also disenss 
the fiscal 1961 reanest. They are prepared, as I am, to answer an) 
questions you may have. 

I have the biographies of several of my staff who are here today that 
I would like to present for the record. 

(The biographies referred to follow :) 
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T. KerirH GLENNAN, ADMINISTRATOR 


T. (Thomas) Keith Glennan is the first Administrator of the National Aero- 
nautics and Space Administration, established October 1, 1958, under the Na- 
tional Aeronautics and Space Act of 1958. 

As Administrator, Dr, Glennan heads a staff of scientists, engineers, tech- 
nicians, and other employees engaged in research and development in aero- 
nautics and space matters. In this position he is a member of the President’s 
National Aeronautics and Space Council. 

Glennan is president on leave of the Case Institute of Technology, Cleve- 
land, Ohio, which he has headed since 1947. 

Born in Enderlin, N. Dak., in 1905, Dr. Glennan earned a degree in electrical 
engineering from the Sheffield Scientific School of Yale University in 1927. 

Following graduation, Glennan became associated with the newly developed 
sound motion picture industry, and later became assistant general service 
superintendent for Electrical Research Products Co., a subsidiary of West- 
ern Electric Co. During his career he was studio manager of Paramount Pic- 
tures, Inc., and Samuel Goldwyn Studios, and was briefly on the staff of Vega 
Airplane Corp. 

Glennan joined the Columbia University Division of War Research in 1942, 
serving through the war, first as Administrator and then as Director of the 
U.S. Navy’s Underwater Sound Laboratories at New London, Conn. For his 
work he was awarded the Medal of Merit. 

At the end of World War II, Dr. Glennan became an executive of Ansco, 
Binghamton, N.Y. From this position he was called to the presidency of Case. 
During his 1l-year administration, Case rose from a primarily local institu- 
tion to rank with the top engineering schools in the Nation. From October 
1950, to November 1952, concurrent with his Case presidency, he served as a 
member of the Atomic Energy Commission. 

Dr. Glennan has been very active in national and civic affairs. He was Chair- 
man of the Board of the Institute for Defense Analysis, on the Board of the 
National Science Foundation, and the Council on Financial Aid to Education. 
in Cleveland he took an important part in many civic activities. 

Glennan is a fellow of the American Academy of Arts and Sciences, and a 
member of Sigma Xi, Tau Beta Phi, and Chi Phi. He has been awarded sev- 
eral honorary degrees of doctor of science. 

Dr. and Mrs. Glennan (the former Ruth Haslup Adams) have four chil- 
dren. They live at 4740 Connecticut Avenue NW., Washington, D.C. 


HuGcu LATIMER DRYDEN, DEPUTY ADMINISTRATOR 


Hugh Latimer Dryden was appointed Deputy Administrator of the National 
Aeronautics and Space Administration on August 8, 1958. Before that date 
he was for 11 years Director of the National Advisory Committee for Aero- 
nautics. As such he had charge of the Nation’s flight research establishment 
with nearly 8,000 employees, 3 large laboratories, and 2 field stations. The 
NACA provided scientific information useful in the design of aircraft, missiles, 
and space craft. Its organization and functions were absorbed within the 
NASA as of September 30, 1958. 

Dr. Dryden’s career has been in aeronautics and related sciences, and he 
has made many technical contributions by his research in high speed aero- 
dynamics, fluid mechanics, and acoustics. He has published more than 100 
technical papers. 

torn July 2, 1898, in Pocomoke City, Md., Dr. Dryden was reared in Balti- 
more. He was an honor students at Johns Hopkins University, completing 
the 4-year arts course in 3 years. While continuing his studies at the graduate 
school of the same university, he conducted research in fluid mechanics at the 
National Bureau of Standards. He was granted the degree of doctor of philos- 
ophy in 1919. 

While he was head of the Bureau of Standards’ Aerodynamies Section from 
1920 to 1934 he made some of the earliest studies of airfoil characteristics near 
the speed of sound. He also did pioneering work on turbulence and the me- 
chanics of the boundary layer. He was promoted to Chief of the Bureau's 
Mechanics and Sound Division in 1934, to Assistant Director in January 1946, 
and to Associate Director 6 months later. 

Results of his work dealing with the properties of airfoils at high speeds, 
wind-tunnel investigations, boundary layer and turbulence, noise suppression, 
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and other aeronautical matters have been published in professional and trade 
journals. 

Dr. Dryden was the first American to be selected to deliver, in 1938, the 
Wright Brothers lecture before the Institute of the Aeronautics Sciences. He 
is an honorary fellow of the institute and served as its president in 1943. In 
1956 he was named an honorary fellow of the Royal Aeronautical Society. 

For more than 2 decades he has served on numerous scientific advisory 
groups. In World War II he headed the research project which developed the 
first American combat missile, the BAT, and served on committees advising the 
Joint Chiefs of Staff, NACA, Army Ordnance Department, and Army Air Force. 
In 1945 he was appointed Deputy Scientific Director of the AAF Scientific Ad- 
visory Group and toured Europe studying foreign scientific work in aeronautics 
and guided missiles. 

He is now a member of numerous Government scientific advisory committees 
serving the President, the Department of Defense, the Air Force, the Army and 
other Federal agencies, and the North Atlantic Treaty Alliance. Since 1955 he 
has been home secretary of the National Academy of Sciences. 

He is a member of more than a dozen American and international professional 
societies and holds seven honorary degrees. He lives with his family in subur- 
ban Washington. 


RicHarD E. HORNER, ASSOCIATE ADMINISTRATOR 


Richard E. Horner was appointed Associate Administrator of the National 
Aeronautics and Space Administration on June 1, 1959. Under T. Keith Glen- 
nan, Administrator, and Hugh L. Dryden, Deputy Administrator, he is responsi- 
ble for the general management of NASA’s operations which include laboratories, 
research centers, rocket testing and launching facilities, and a world network 
of tracking stations. 

To accept the NASA position, Horner resigned as Assistant Secretary of the 
Air Force for Research and Development, a position he had held since July 8, 
1957. He had been Acting Assistant Secretary since February 1956. 

Born October 24, 1917, in Wrenshall, Minn., he is a graduate of the University 
of Minnesota, where he received a bachelor of science degree in aeronautical 
engineering in 1940. He received a master’s degree from Princeton University 
in 1947. 

Horner was commissioned a second lieutenant, Army Air Corps, in 1940 and 
served in World War II as a pilot with tactical units in the corps and with the 
Air Material Command. He was awarded the Silver Star, the Air Medal with 
four clusters, and the Presidential Unit Citation. In 1949, he was released from 
active duty with the rank of colonel, U.S. Air Force. 

He was employed in a civilian capacity as aeronautical development engineer 
at the Air Force Flight Test Center, Edwards Air Force Base, Calif. In 1952, 
he became technical director of the test center. In 1955, he was named Deputy 
for Requirements to the Assistant Secretary of the Air Force for Research and 
Development, holding that position until his appointment as Acting Assistant 
Secretary. 

Horner is married to the former Jean Margaret Hodgson of Waseca, Minn. 
They have two children, Richard James and Judith Rae, and live at 3612 North 
Peary Street, Arlington, Va. 


Mas. Gen. Don R. OstRANDER, USAF, Director, LAUNCH VEHICLES PROGRAMS 


Maj. Gen. Don R. Ostrander was appointed NASA Director of Launch Ve- 
hicle Programs on December 16, 1959. On Air Force assignment to the civilian 
space agency, he is in charge of NASA booster development and rocket launch- 
ing operations. Previously he was Deputy Director of the Advanced Research 
Projects Agency. 

General Ostrander, 45, is a 1937 graduate of the U.S. Military Academy. Born 
in Stockbridge, Mich., he attended local schools and studied engineering at West- 
ern State College, Michigan, before entering West Point. 

During World War II, he served as ordnance armament officer with the Eighth 
Air Force Interceptor Command in England. In this role he helped modify the 
P-38 airplane to accommodate a Norden bombsight and bombardier. His deco 
rations include the Legion of Merit with cluster. 

He has held a variety of administrative posts within the Air Force Air Re- 
search and Development Command going back to 1951, working on weapons sys- 
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tems and missile programs. He moved into the ARPA post after more than a 
year’s duty as assistant to the NATO Assistant Secretary General for guided 
missile production in Paris. 

He was promoted to brigadier general in October 1954 and received his sec- 
ond star in March 1958. 

General and Mrs. Ostrander (the former Frances Dunn) and their three 
children live in Alexandria, Va. 


ABE SILVERSTEIN, DIRECTOR OF SPACE FLIGHT PROGRAMS 


Abe Silverstein is Director of Space Flight Programs at NASA headquarters 
in Washington, D.C. Before the NASA was established on October 1, 1958, he 
was Associate Director of the Lewis Flight Propulsion Laboratory, Cleveland, 
Ohio, a research center of the National Advisory Committee for Aeronautics, 
which formed the nucleus of the NASA. 

Silverstein directs those NASA programs charged with mission planning, pay- 
load design and development, and in-flight research and operation. Develop- 
ment programs under his direction include space probes and manned and un- 
manned satellite systems. 

Silverstein is a native of Terre Haute, Ind., where he attended local grammar 
and high schools. He earned a bachelor of science in mechanical engineering 
degree in 1929, and a mechanical engineering professional degree in 1934 from 
Rose Polytechnic Institute. He was awarded an honorary doctorate by Case 
Institute of Technology in 1958. 

Silverstein joined the National Advisory Committee for Aeronautics in 1929, 
and soon after helped design the full-scale wind tunnel at the Langley Aero- 
nautical Laboratory. He later was placed in charge of this facility, and di- 
rected research which increased the high-speed performance of most of the com- 
bat aircraft of World War II. This work was recognized as a major factor in 
gaining U.S. air superiority during the war. 

In 1943 he was transferred to the Lewis Laboratory at Cleveland to select 
and train a staff which he directed in research at the altitude wind tunnel. 
These investigations led to significant improvements in both reciprocating and 
early turbojet aircraft engines. He also pioneered with large-scale ramjet 
engines now used on certain missiles. 

At the end of World War II Silverstein was directing the work at several ma- 
jor research facilities at Lewis. He directed the erection of the $9 million 
NACA 8&- by 6-foot supersonic wind tunnel, first operated in 1949, and the $33 
million NACA 10- by 10-foot supersonic wind tunnel completed in 1956. These 
facilities, the largest wind tunnels of their kind in the world, have greatly 
accelerated the development of supersonic aircraft. In 1952 he was appointed 
Associate Director of the Lewis Laboratory, a post he held until he was named 
to the headquarters staff of the NASA. 

Silverstein was a member of several NACA committees and subcommittees 
including Committee on Aerodynamics, 1946-47 ; Subcommittee on Self-Propelled 
Guided Missiles, 1945-47; Subcommittee on Internal Flow, 1947; Subcommittee 
on High-Speed Aerodynamics, 1945-57; Committee on Powerplants for Aircraft, 
1951-57 ; and the Special Committee on Space Technology, 1958. 

He served as chairman of the Cleveland section of the Institute of Aeronau- 
tical Sciences, 1946-47. He was a member of the committee on arrangements for 
the joint meeting of the Institute of the Aeronautical Sciences and the Royal 
Aeronautical Society, held in New York City in 1949. The Assistant Secretary 
of Defense for Research and Development appointed him a member of the Tech- 
nical Advisory Panel on Aeronautics for the year 1955, and Chairman of the 
Ad Hoe Working Group on Rockets for 1956. He was a member of the Scientific 
Advisory Board of the Chief of Staff, U.S. Air Force for 1956 and 1957, and 
Chairman of the OASD Technical Advisory Panel on Aeronautics, Ad Hoc Group 
on Propulsion for Aircraft and Missiles. He was a member of the Assistant 
Secretary of Defense’s Steering Group of the Advisory Panel on Aeronautics for 
1958. 

Silverstein was American representative to the joint meeting of the Institute 
of the Aeronautical Sciences and the Royal Aeronautical Society, in London, in 
1947. He delivered the annual Wright brothers lecture before the IAS in 1949. 

He is a member of Tau Beta Pi, and a fellow of the Institute of the Aeronau- 
tical Sciences. 


Silverstein, his wife Marion, and their three children live at 7205 Rollingwood 
Drive, Chevy Chase, Md. 
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Ira H. Apssott, DrrecTtor OF ADVANCED RESEARCH PROGRAMS 


Ira H. Abbott was appointed Director of Advanced Research Programs July 
1, 1959. His office is charged with advanced research in aeronautics and space, 
He was named Deputy Director of the office the previous March. 

Born July 18, 1906, at Wolfeboro, N.H., Abbott was graduated from Newbury- 
port, Mass., high school. He received a bachelor of science degree from Mas- 
sachusetts Institute of Technology in 1929. 

Following his graduation, he began his 29-year career with the National 
Advisory Committee for Aeronautics, the predecessor of the NASA, as a junior 
aeronautical engineer at Langley Aeronautical. Laboratory, Virginia. He was 
promoted to senior aeronautical engineer in 1941, and named Langley’s Assistant 
Chief of the Full-Scale Research Division in 1944. The following year he became 
Assistant Chief of the Research Department. 

Abbott was transferred to NACA headquarters, in Washington, in 1948, as 
aeronautical consultant and was named Assistant Director of Research (Aero- 
dynamics) in 1950. When the NASA was established October 1, 1958, he was 
appointed Assistant Director of Research for Aerodynamics and Flight 
Mechanics. 

He is a member of the Civilian-Military Liaison Committee, and a fellow of 
the Institute of the Aeronautical Sciences. From 1957 to 1958 Abbott was 
Chairman of the Wind Tunnel Panel of NATO’s Advisory Group on Aeronautical 
Research and Development. 

Mr. and Mrs. Abbott (the former Martha Leola Streeter) have three children 
and live at 3704 Bradley Lane, Chevy Chase, Md. 


ALBERT F. Srepert, Drrector or BusIness ADMINISTRATION 


Albert F. Siepert has been Director of Business Administration sinee the 
National Aeronautics and Space Administration was established in October 1958. 
During the previous 10 years he was executive officer of the National Institutes 
of Health. 

Born in Peoria, Ill., in 1915, Siepert received a bachelor of arts degree from 
Bradley University in 1936. 

After graduation, Siepert became one of the first Government “interns” 
(trainees) under the auspices of the National Institute of Public Affairs. He 
served his internship with the Farm Credit Administration, and has since held 
administrative posts with the Home Owners Loan Corporation, the Alien Prop- 
erty Custodian, and the Bureau of State Services of the U.S. Public Health 
Service. 

Named executive officer of the National Institutes of Health in 1948, Siepert 
had a key role in a thoroughgoing reorganization and expansion of the Institutes 
during the initial years of his NIH appointment. He received the Arthur Flem- 
ming Award in 1950 for his contribution. In 1955 he received the Department 
of Health, Education, and Welfare’s Distinguish Service Award for his admin- 
istrative leadership. 

Mr. and Mrs. Siepert and their two children live at 7209 Honeywell Lane, 
Bethesda, Md. 


Ratpu E. UtmMer, BupGer OFFIcer 


Ralph E. Ulmer has been budget officer of the National Aeronautics and Space 
Administration and the National Advisory Committee for Aeronautics, the 
predecessor of the NASA, since 1950. 

sorn in Toledo, Ohio, in 1917, he earned a bachelor of science degree in aero- 
nautical engineering from the University of Michigan in 193s. 

Ulmer joined the NACA as a junior aeronautical engineer at the Langley 
Aeronautical Laboratory, Hampton, Va., after graduation in 1938. He special- 
ized in propeller research before becoming an assistant to the administrative 
officer. 

In 1940, Ulmer was transferred to NACA’s Washington headquarters where 
he became assistant to the executive officer. In 1950 he was appointed budget 
officer. He is a member of Sigma Xi. 

Mr. and Mrs. Ulmer and their two children live at 5140 Tilden Street NW., 
Washington, D.C. 


wee 


ors 


183 


JAMES P. GLEASON, ASSISTANT ADMINISTRATOR FOR CONGRESSIONAL RELATIONS 


Mr. Gleason is a native of Cleveland, Ohio, where he attended local grammar 
and high schools. After 8 years (1942 to 1945) in the U.S. Army, he entered 
Georgetown University and was awarded a bachelor of social science degree in 
1948. During the next 2 years, he attended Georgetown’s School of Law, and 
served as a staff member of the school’s Law Journal. He received an LL.B 
in 1950. ; 

From 1951 to 1953, he was legislative assistant to Richard M. Nixon, Senator 
from California at that time. From 1953 until recently, Mr. Gleason was ad- 
ministrative assistant to Senator Knowland. 

Mr. Gleason is a member of the Maryland and. District of Columbia bars. 

He is married to the former Miss Georgette E. Smith. Mr. and Mrs. Gleason 
have three children attending grammar school: Millicent, 10, Patricia, 8, and 
James, 6. They have one other daughter, Mary, 3. The Gleason family lives 
at 513 Gilmoure Drive, Silver Spring, Md. 


WILLIAM H. PICKERING, Director, NASA-CaL TecH JET PROPULSION LABORATORY 


William H. (Hayward) Pickering is director of the jet propulsion laboratory, 
*asadena, Calif., which is operated by the California Institute of Technology 
under contract to the National Aeronautics and Space Administration. 

Dr. Pickering directs the research and development work of about 2,300 scien- 
tists, engineers, and supporting staff, in the fields of rocket propellants, and in 
electronics, communications, and guidance used in space technology. 

Dr. Pickering is a native of Wellington, New Zealand. He earned a bachelor 
of science degree in 1932, a master of science degree in 1933, and a doctorate in 
physics in 1986 at California Institute of Technology. He became a citizen of 
the United States in February 1941. 

He has been a member of the facuity of Cal Tech since 1932 and was ap- 
pointed professor of electrical engineering in 1946. He has been associated with 
the jet propulsion laboratory since 1944. He later was in charge of electronics 
work and in 1950 was given the responsibility for the CORPORAL missile pro- 
gram at JPL. In 1954, he was named director of the laboratory. 

Dr. Pickering’s fields of research have included cosmic rays, telemetering from 
balloons and rockets, microwave propagation, development of cosmic ray radio- 
sonde, and missile guidance problems. 

His memberships have included the Scientific Advisory Board of the U.S. 
Air Force, a number of other committees of the Department of Defense, and 
the U.S. National Committee’s Technical Panel on the Earth Satellite Program 
and its working group on tracking and computation. He is a fellow of the 
Institute of Radio Engineers, the American Rocket Society, and a member of 
the American Institute of Electrical Engineers. 

His awards include the 1957 James Wyld Memorial of the American Rocket 
Society; a special award by the Los Angeles Chamber of Commerce in 1958 
for creative achievements; and a scientific achievement award from the Greater 
Los Angeles chapter of the association of the U.S. Army in 1958. 

Dr. Pickering is married to the former Muriel Bowler. Dr. and Mrs. Pick- 
ering and their children, William B., 19, and Anne E., 16, live at 2514 Highland 
Avenue, Altadena, Calif. 


Harry J. Gorert, Direcror, Gopparp Space FLIGHT CENTER 


Beginnig in 1948, Harry J. Goett directed some of the first space research 
of the NASA’s predecessor agency, the National Advisory Committee for Aero- 
nautics, using a special wind tunnel to reproduce low densities found at extreme 
altitudes. He has been engaged in research in aerodynamics and the operating 
problem of flight more than 23 years. Since NASA was established, he has pro- 
vided technical liaison for the Agency’s West Coast satellite and space probe 
activities, including the PIONEER series, two of which were put into orbit 
around the sun. 

Goett was chairman of a technical review team which contributed improve- 
ments to rocket vehicle systems used by NASA. He is a member of the Re- 
search Advisory Committee on Control, Guidance, and Navigation, and Re- 
search Steering Committee on Manned Space Flight, and head of the astronomi- 
‘al satellite team of the NASA Ames Research Center. 

In his career with NACA, Goett for many years was a member of the Sub- 
committee on Automatic Stabilization and Control, and of the working group 
on instrumentation of the Special Committee on Space Technology which was 
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formed in 1957. He comes to his new duties from the Ames Research Center, 
where he has been chief of the Full Scale and Flight Research Division since 
1948. 

The Goddard Center organization will be composed of three major research 
and development groups under assistant directors. These are space sciences 
and satellite applications, under John W. Townsend, Jr.; tracking and data 
systems, under John T. Mengel; and manned satellites, under Robert R. 
Gilruth. Michael J. Vaccaro is business manager. 

Born November 14, 1910, in New York City, Goett attended elementary and high 
schools there. He was graduated from Holy Cross College in 1931 with 
bachelor of science degree, and 2 years later earned the degree of aeronautical 
engineer at New York University. He took additional studies of law at Ford- 
ham University. 

From 1933 to 1935, he supervised machinery installations for the Waterbury 
Rope Co., New York City, then was employed by the Sumerill Tubing Co., 
and the Douglas Aircraft Co. for a short period. He joined the research 
staff of NACA’s Langley Aeronautical Laboratory in July 1936. He was 
transferred in July 1940 to Moffett Field, Calif.,. where the Ames Laboratory 
was under construction. 

At Ames, Goett first was engaged in design of wind tunnel model and sup- 
port systems. He became head of the laboratory’s 7 by 10 foot wind tunnels, 
conducting research on stability and control qualities of airplanes. In World 
War IT, he was advanced to head the 40 by 80 foot wind tunnel (world’s largest), 
supervising the general research program for improving American airplanes. He 
was promoted again in 1944 to Assistant Chief of the Full Scale and Flight Re- 
search Division, where he became Chief 4 years later. 

His research work has covered a broad range of problems in aerodynamics and 
operations, including atmosphere reentry, aerodynamic heating, low speed and 
vertical takeoff aircraft, stability and control, in-flight studies of boundary 
layer control, automatic flight and jet engine thrust reversers. Under his direc- 
tion, the Division conducted successful research on a thrust reverser and flight 
approach control for jet airplanes. Goett has written or coauthored a dozen 
technical reports. 

He and his wife, the former Barbara Alexander, are parents of two boys and 
two girls. They now live in Los Altos, Calif. 


WERHNER VON BRAUN, DrrREcTOR, DEVELOPMENT OPERATIONS DIVISION, ARMY 
BALLISTIC MISSILE AGENCY 


Werhner von Braun was born in Wirsitz Germany, in 1912. Because his 
father was a government official who moved about Germany often, he gained 
his early education in various grammar and high schools from 1918 to 1930. 

In 1932, Dr. von Braun received his bachelor’s degree in aircraft engineering 
from the Institute of Technology at Zurich, Switzerland. Two years later, he 
earned his Ph. D. in physics from the University of Berlin. 

From 1932, when he joined the German ordnance department, until 1937, 
Dr. von Braun was chief of the liquid fuel rocket development at Kummersdorf, 
approximately 50 miles south of Berlin. In 1937, the Kummersdorf rocket de- 
velopment was transferred to a newly formed rocket center, Peenemuende, of 
which Dr. von Braun became the technical director. The center’s main mission 
was the development of the V-2 rocket. Other work included the development of 
an antiaircraft missile, the Wasserfall, and liquid fuel JATO units for heavy 
bombers and fighter aircraft. 

In 1945, Dr. von Braun came to the United States with six other scientists 
under contract to the U.S. Army Ordnance Corps. His first assignment was as 
adviser for V-2 high-altitude research firings at White Sands Proving Ground, 
N. Mex. Later he was made project director for a guided missile development 
unit at Fort Bliss, Tex., where he was joined by about 120 scientists and tech- 
nicians who had worked with him at Peenemuenda. 

From 1950 to 1956, Dr. von Braun was Chief of the Guided Missile Development 
Division at Redstone Arsenal, Huntsville, Ala. Since 1956 he has been Director 
of Development Operations Division, Army Ballistic Missile Agency, Huntsville. 

Dr. von Braun received his U.S. citizenship in May 1955. 
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STAFFING REQUIREMENTS 


Mr. Tuomas. That was a nice statement and right to the point. 

renerally, what are your programs for the next 2 years? Let us 
stay with 2 rather than 10. You come in here with a rather modest 
request for only a 6,350 increase in personnel. What will it be next 
year ! 

Dr. GLENNAN. I can speak to that this way: A year ago I think I 
said it was my intent that we would not add. oe to the Federal 
payroll bey ond those we deemed absolutely necessary to this program. 
We have added a lot this year, but most of them by transfer from 
other agencies of Government. 

I think, Mr. Chairman, in the 18 months that we have been in exist- 
ence we have added to the Federal payroll about 1,500 new persons. 
All the rest have come to us from other agencies as programs have 
been transferred. 

With the acquisition of the Von Braun operation, we find ourselves 
with a total on-board complement as of June 30 of this year of some- 
thing in the neighborhood of 16,000 people. There is no necessity 
for further major additions of new laboratory facilities and people, 
in my opinion. 

Mr. Tomas. Beyond what is in this budget ? 

Dr. GLENNAN. In speaking of that, I am speaking of completely 
new laboratories; not the normal additions to existing laboratories 
which are required by reason of changes in programs, new informa- 
tion we discover throughout the years and that sort of thing. It is 
my opinion that with the complement of laboratories which we pres- 
ently have—the five large Government-owned and civil-service-per- 
sonnel-operated laboratories—and with the one contract laboratory, 
we have experienced the maximum growth we are going to have. 

Mr. THomas. Your Jet Propulsion Laboratory is not included in 
your 16,350 personnel. 

Dr. GLennan. I spoke of that as a contract laboratory which brings 
our total personnel to about 19,000. 

Mr. Tuomas. How many did you take over from the Huntsville 
installation in Alabama? 

Dr. Grennan. The complement will be 6,689 for the coming year. 

Mr. Tuomas. That is the takeover figure ? 

Dr. Gurennan. The takeover figure is 5,500 civil-service positions. 
The additional 1,189, if my arithmetic is correct, are contractor- 
support personnel. 

We have a going situation, Mr. Thomas. We are requiring them 
to stay within that personnel ceiling as we add to their workload. 
Our ultimate aim there is to have a self-contained laboratory of 5,500 
civil-service positions, in which positions one would find—in the neigh- 
borhood of 4,300, perhaps a few more—in the scientific area and 1,200 
supporting administrative personnel. 

Mr. Tuomas. As far as your laboratories are concerned, your per- 
sonnel figure, if I understand you correctly, in the next year or two 
will not increase and neither will your construction and development 
program other than some modernization features? 

Dr. Grennan. My guess is that the personnel in our next budget 
will not increase mes ‘asurably. I am sure there will be some increases 
which one normally expects in these kinds of operations. Mr. Ulmer 
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reminds me in our planning for the Goddard Center, which I believe 
is to be at the level of 2,000 for the fiscal year 1961, we have set a 
tentative figure of 2,400 for 1962, so we would expect some increase 
in staffing to be requested. 

With respect to the construction and equipment, I think this is 
a matter one has to look at year by year. Undoubtedly, on our 
older campuses, if you will—Langley, Lewis, and Ames Research 
Centers. there will be further modernization of equipment. Un- 
doubtedly as we move forward in this dynamic business that we are 
in, we are going to find the need for additional environmental test 
facilities, probably larger in capacity than we presently have, and 
that type of thing. 

As to major building improvements, I think one has to look at 
the needs every year. I would not want to completely close the door 
on this, but I think we are now in the period of our major facility 
expansion. 

Mr. Tuomas. In looking over your construction, and maybe some 
sections of your research programs at Ames, Langley, and your Cleve- 
land laboratory, your justifications clearly point out the equipment 
on board now is not suited in all respects, to say the least, for the 
new space program. I am just wondering what you have been doing 
with 9,000 personnel in those places? It looks to me like you should 
show a reduction there if the equipment is not suited for your pro- 
gram. TI notice you have been wanting to increase them, and your 
construction program is going to require anywhere from 12 months 
to 36 months before you can get your equipment in there suited to 
your needs. 

Dr. GLENNAN. There is plenty of equipment at those laboratories 
that is suited to the needs of the program as we presently have it- 
and many additional facilities partially suited. It is not a matter of 
having people sit around, Mr. Thomas. 

Mr. Tuomas. What are they doing in this interim period? Here 
are three big installations that cost hundreds of millions of dollars set 
up for the aviation industry, or your might say dominated by the avia- 
tion industry. 

Dr. Grennan. Much of the equipment on hand—the wind-tunnel 
equipment, for example—'s also usable in this field There is not a 
sharp line of demarkation betwen the aeronautics and missile field and 
the space field in research. There is a continuous spectrum here, and 
we are moving consciously from one portion of that spectrum to the 
other. 

Mr. Tromas. Why have we not been operating in this field for the 
last 10 years, if you want to make it that simple? 

Dr. Drypen. May T give an illustration? The Project MF RCTURY 
capsule has to return to the atmosphere through the entire sneed 
ranve— from satellite speed all the way down to the speed for landing 
in the ocean with a parachute. Work in connection with Project 
MERCT RY has been ina ereat many of our wind tunnels of all cana- 
cities. We have been making the conversion into snace for the past 


5 years. You have provided the funds for facilities suitable for 


very high speed investigations, and for other specialized facilities. 
This transition is not something that comes un on a certain date, and 
all of a sudden you are in space. This transition has been going on 
for quite a long time, and there has been no lack of anything to do. 
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Every vehicle we fire has to start from zero speed on the ground and 
go up through the atmosphere into space. It has to go up in a stable 
manner just as an aeroplane. We cannot let it wobble all over the 
place, so we must do these ground tests to provide greater assurance of 
success. It may be necessary because of the arrangement of com- 
ponents to change the shape of the front end of the satellite vehicle. 
We must then predict design loads for them just as design loads are 
required to permit the structural design of aeroplanes. It is quite 
true that the intensity of operation of some of the equipment is 
changing. We are closing up some of the facilities that are no longer 
useful and transferring some people to more intensive operation of 
other facilities. 

I think you have been familiar with the fact that through the years 
some of our equipment is operated two and three shifts, some one 
shift, and some only when some particular investigation is needed. 
There have been changes of assignment of personnel between various 
forms of equipment as the work changed and some of the equipment 
is being mothballed. We have to have subsonic wind tunnels for space 
vehicles as well as for aircraft and missiles. 

Mr. THomas. I wonder if the budget officer would be good enough 
to put his finger on the cost of electric current down at Huntsville. 
You have chased me over 150 pages of the justifications for the last 
3 days, and I have not been able to catch that figure yet. You do set 
it out for the other installations. 

Dr. Drypen. Huntsville legally comes to us today, and the formal! 
transfer will take place July 1 as far as fiscal operations are concerned. 
It has been difficult to get the kind of detailed information you want. 
The operation under NASA will be quite a bit different than the op- 
eration under the Army system. 

Mr. Osrertac. You have no official records of costs up to now‘ 
In other words, that has been under the jurisdiction of the Army and 
you have no way of showing it / 

Dr. Drypen. We will be glad to put the figure in the record, Mr. 
Thomas. 

Mr. Tuomas. I would not be a bit surprised if it is not in there 
some place. All I say is I chased it for 3 days and did not find it. It 
is going to be a lesser figure than at the other installations. I was 
curious to see what it was. 

Dr. GLENNAN. | would like, if I may, to avoid leaving any impres- 
sion this is a static business because it is not. No research and de- 
velopment business is static. 

Mr. Tuomas. That is an understatement, but proceed. 

Dr. GLENNAN. The period of our very rapid growth and expansion 
seems to me, from my short-range viewpoint, to be fairly well behind 
us. One should be looking at this in the future as an aggressive, de- 
veloping operation, but without the explosive nature which has been 
a characteristic of the last 18 months. 

Dr. Strverstern. Another example along the lines Dr. Dryden men- 
tioned regarding thework of our advanced research centers—you have 
intimate knowledge of the work done at. Lewis in advanced propul- 
sion. 

Mr. Tuomas. You have been there, Doctor ? 

Dr. Suiverstern. Yes, some 15 years. 
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Mr. THomas. The record ought to show the doctor was one of the 
leading lights there, I can testify, for 10 years. You say 15? 

Dr. Surverstern. Yes. Some 6 years ago in our advanced research, 
we began work on hydrogen-oxygen as propellants for rockets, getting 
into the advanced phases of the work, finding out how these fuels 

reacted in combustion chambers and studying cooling problems relat- 
ing to them. That work has continued at Lewis during that period 
of time, moving into larger engine sizes, and moving from basic re- 
search fields into the applied fields. When we were ready for the 
propulsion system for CENTAUR, which is the first of our vehicles 
that uses hydrogen-oxygen, there was a very substantial background 
of basic information that was in hand and the Pratt-Whitney Co. was 
able to borrow from it in building the first hydrogen-oxygen engine. 
Now we find the SATURN, which is our most important major ve- 
hicle for the future, is coming along and is also able to exploit the use 
of this fuel, largely because there has been a background established. 

Taking another case, in the field of electric propulsion, which is a 
thing for the future now, as we look ahead in our programs at this 
long-range program that Dr. Dryden has laid out, we see very defi- 
nitely the need for electric propulsion in the program. 


NUCLEAR REACTOR 


Mr. Tuomas. While you are mentioning that, I raised the question 
in my own mind last night whether or not $12 million was thrown 
away in Cleveland on that atomic energy setup that you and our dis- 
tinguished friend advocated so strongly 6 years ago. That is just 
about thrown out of the window;; is it not ? 

Dr. Stiverstern. May I discuss that ? 

Mr. Tuomas. I hope you will. 

Dr. Stiverstetn. In the electric propulsion field, we started this 
work some 4 or 5 years ago, recognizing in our space activities that 
we undertake in the future—and this was before space was commonly 
accepted—that these types of engines would be needed, and we started 
small experimental research units working on the problem—not large 
but small. This work was kept in progress, and we have moved 
steadily forward in establishing the basic fundamentals of this field 
of propulsion. 

Now, in our going work, we will move to somewhat larger engine 
sizes, continuing to study the basic elements in the field. These data 
will then be used by industry to provide actual hardware as a basis 
for the creation of these systems. 

From the standpoint of the nuclear systems, we saw some time ago 
nuclear power would be important in our advanced propulsion field, 
so we started to develop the facilities required, the reactor at Plum 
Brook. We see there is a tremendous problem here of the materials 
to be used in these reactors, materials which have to be able to live in 
an environment of radiation and at the same time in an environment 
of high temperature and be cooled in a fashion we have not required 
of materials before, that is, in the presence of liquid metals, corrosion, 
erosion, and these subjects. 

This work is underway. Our facility is planning to start soon, and 
we will conduct a basic research program, leading up to a sound ex- 
penditure at a later time for actual engine hardware. 
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Mr. Tuomas. You are going to spend $6, $8, or $10 million for 
the laboratory on liquid metals. What has that to do with your 
atomic energy Samia that you spent $12 million on ? 

Dr. Stutverstern. The problem of research in liquid metals is a good 
case in point. ; : 

Mr. Tuomas. You know we have been working on an atomic re- 
actor for an Arie for the past 9 years now. We have thrown 
away about $12 million out at your place on this reactor in duplica- 
tion, duplic: stion, duplication. 

Dr. Stiversrern. I think not, sir, from the standpoint of duplica- 
tion. The work we are doing is fundamental in character leading to 
a situation where we will not throw money away when we go into 
manufacture. This has been the particular art of NACA before 
and currently to develop the basic information required in the field 
so when you go into actual production with a unit the solid informa- 
tion is available from which to create hardware that works. 

Dr. GLENNAN. I think that we ought to ask Dr. Dryden to enlarge 
on this since he supported it strongly when it was initiated. 

Dr. Drypven. I might try to answer that, Mr. Chairman. 

The effort in Ohio which you described is addressed at attempting 
to build a reactor to put in an airplane to propel it. The reactor at 
Plumbrook is a materials test reactor of more or less conventional 
design. It provides conditions of high radiation flux so that research 
investigations may be made on materials and components which 
could be used in a ‘flight reactor in an airplane or in a rocket. This, 
of course, is of great interest to us in the nuclear rocket which offers 
a lot of promise for use in the upper stages of rocket vehicles when 
it is developed. 

You have been reading about project ROVER, which is a project 
being carried on in cooperation between the AEC and ourselves. 
AEC is developing the actual reactor for use in rockets and have the 
responsibility for the rest of the rocket—for the pumps which pump 
the liquid hydrogen through it and for the control system which 
controls both the reactor and the vehicle as a unit and for the vehicle 
itself. We have some investigations which must be made in connec- 
tion with that part of the rocket. For example, very little is known 
about the effect of radiation on materials at the temperatures of liquid 
hydrogen, and perhaps the earliest job to be done in our reactor is this 
study of the effect of radiation on materials at liquid hydrogen temper- 
atures. Project ROVER will reach the stage of ground tests of a 
bread-board engine on a test bed sometime in 196: at general 
period—and it will be possible to have an operating nuclear rocket en- 
gine and to do test flights and other operational tests at a later date. 

Dr. GLenNAN. Mr. Thomas, in an effort to try and give you and 
the committee a fairly broad but briefly stated ‘picture’ of the total 
operation, I had hoped you would be willing to hear Dr. Dryden dis- 
cuss the scientific and technological results and plans as well as the 
results of the past year’s activity and the plans for the immediate 
future, with Mr. Horner following him and giving you a picture of 
his nart of the program. 

Mr. Tuomas. Is Mr. Horner a scientist ? 

Dr. Guennan. Mr. Horner is formerly the assistant Secretary of 
the Air Force for Research and Development. 

Mr. Tnomas. Is he a businessman ? 
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Dr. GLENNAN. No, sir. 

Mr. Tuomas. I looked over his statement this morning and it looks 
like he has been working for the Government since he got out of 
college. Now yon have him spending $915 million. 

Dr. GLENNAN. I think he is going very well at it. 

Mr. Tuomas. I imagine he is spending it pretty fast. I do not 
know how well. Like General Motors, Henry Ford, United States 
Steel and all the big corporations, they pick their managers—— 

Dr. GLeNNAN. If you will change the way in which the Government 
provides for the support of this ‘kind of program I think you may 
get different kinds of managers. In the meantime we are going 
to do just the very best we can. 

Mr. THomas. You picked him. Did anyone wish him off on you? 

Dr. GLENNAN. I would not want anyone in this job except Mr. 
Horner at present. 

Mr. Tuomas. He is going to spend $915 million and never had any 
business experience on ‘his own account ? 

Dr. GLENNAN. In the maelstrom in which we work, Mr. 'Thomas—— 

Mr. Tuomas. If you want to whitewash it, go ahead. 

Dr. Girennan. I am not intending to whitewash it. I am simply 
trying to state the facts. 

Dr. Drypen. He was involved in important major programs in the 
Air Force. 

Mr. Tuomas. Without any prior business experience ? 

Dr. Drypen. He had a lot of business experience in the Govern- 
ment. If you mean private business, the answer is “No.” He was a 
pilot and an aeronautical engineer. 

Dr. Grennan. In other words, he had to use the things we are try- 
ing to deal with. 

Mr. Tuomas. You are dealing with dollars and cents. 

Dr. GLENNAN. We would like to go on with General Ostrander, Dr. 
Silverstein, and Mr. Abbott on the launch vehicle programs and the 
space flight programs as well as the research programs. This should 
not take long. 

Dr. Drypen. Mr. Chairman, I would like to talk from a few charts, 
giving you a report in very general terms on what we have done with 
the money last year. 

Mr. THomas. We want Mr. Horner to be thinking up a good excuse 
for the statement he made the other day to the effect that a reduction 
of $6 million delayed one of these vehicles 18 months to 36 months. 

We want him to have a little advance notice about that. 


STATEMENT OF Deputy ADMINISTRATOR 


Dr. Drypen. Dr. Glennan has described to you the general objec- 
tives and philosophy of the research and development activities by 
which our long-range goals are to be reached. 

These activities are very varied in nature, <A part of them are 
carried out—perhaps 20 percent or 25 percent—in the facilities of 
the Government with Government people, and the other 75 percent 
or so are carried out in the plants and laboratories of industry and 
universities. These activities at some stage culminate in a launch- 
ing—which is the thing most obvious to people looking at the program 
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from the outside—a launching in which we attempt to carry out one 
of the objectives related to th elong-r ‘ange planning. 

The last launching, as you know, was on Friday, March 11, and I 
will talk about that. a little bit later. 


1959 OPERATIONS 


Last year when I appeared before you we had just gotten into busi- 
nessas NASA. We had to talk mainly about what we were going to 
do and had very little to say about what had been done because of ‘the 
short time the agency had been in existence. 

During the course of this last year we have made an aggressive 
start on the space exploration program and we have obtained results 
which are of solid value—very important information which we will 
use in the later stages of the program and which people in other scien- 
tific areas will also use. 

We have during this year developed a long-range program. We 
will review and keep the plan continually current. 

First, however, I will describe what happened during calendar ye 
1959. As shown on this chart, there were successes which are om n 
in the heavy black and out to the margin. ‘There were failures which 
are shown in gray and indented. This is a complete history of our 
major launchings. 

We have determined what we think is the cause of the failure in 
each case and have taken the remedial steps to be sure that that same 
thing does not happen in later flights. You can see that our record 
improved slightly during the year. 

We made only four attempts in the first half of * year. Wemade 
a good many more in the last half of the year. So, the tempo has 
been increased somewhat and the record of successes is improving 
slightly as we go along. 


LAUNCHING OF VANGUARD II 


On February 17 this satellite—-VANGUARD IT, the first experi- 
ment in developing a meteorological satellite—was launched. The 
facts about its weight and the closest approach to the earth and far- 
thest distance from the earth are shown here. The batteries in it 
were active for 27 days. The satellite will stay up for more than 10 
years as asilent satellite. It carried two photocells for photographing 
the cloud cover. In this launching the last stage did not separate 
cleanly. There was a disturbance which caused the satellite to wobble. 
The result. has been that while all of the electronics equipment func- 
tioned perfectly and information was transmitted, we are still in the 
process of trying to analyze the rather complicated motion of this 
satellite to find out where it was looking when the particular readings 
were taken. 

Mr. Osrerrac. It is still in orbit, Doctor? 

Dr. Drypen. Yes, sir. 

Mr. Yarrs. Dr. Dryden, this chart indicates that the satellite was 
up for 27 days ¢ 

Dr. Drypen. The batteries were active for 27 days. It is still up 
but is silent. 
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Mr. Yates. Is that a sufficient length of time to give you the research 
information that you want? 

Dr. Drypen. This gave us a crude picture of the weather, if you 
like, and we were able to obtain the data on the cloud cover of the 
earth for 27 days. We expect the later meteorological satellites to 
transmit data for a lot longer time. This is the reason we are inter- 
ested in nuclear auxiliary power systems which will last almost an 
indefinite time. That is the reason we are interested in solar power 
which can be used when the requirements are not too great, and some 
of the satellites I will show you later, which use solar cells, will con- 
tinue transmitting indéGinitely. VANGUARD L is still broadcasting 
signals—the little ball with its solar batteries. It will stay up for 200 
years. Whether it will keep on sending radio signals for 200 years, 
[ do not think anyone can say. 


LAUNCHING OF PIONEER IV 


March 3 we had another success in PIONEER IV, a lunar probe 
which went out to orbit around the sun. It was with this vehicle that 
we were able to make measurements of the radiation fields out to a 
distance of 407,000 miles. That is the distance record for communica- 
tions which has just been broken by PIONEER V launched last Fri- 
day, which we will talk about later. In this case 1 do not know 
whether the batteries gave out or whether it simply got so far away 
that the radio signals became too weak to receive. 

Mr. Jonas. When you said it was a record, you mean it was a world 
record ? 

Dr. Drypen. A world record, yes, sir. 

Mr. Yates. Farther than any which the Russians have sent up ? 

Dr. Dryven. Yes, sir. 

Dr. GLENNAN. It should be pointed out that the equivaint Russian 
satellite weighed 900 pounds and therefore they could have carried 
transmitters of higher power. 

Dr. Drypven. This one, of course, will stay in orbit around the sun 
indefinitely. I do not know whether we will ever see it again because 
it is pretty small to pick up. 

Mr. Osrertac. What has that accomplished ? 

Dr. Drypen. We made measurements to the distance that I have 
mentioned over a period of 82 hours. It was the first time that such 
measurements were made out at this distance although the Russians, 
of course, have some now also to the distance of the moon. 

Mr. Osterrac. Off the record. 

( Discussion off the record.) 


FAILURE OF A VANGUARD LAUNCHING ATTEMPT 


Dr. Drypen. We then had this period of disappointment. On 
April 13, in the VANGUARD launching attempt, something went 
wrong with the second stage separation so that it tumbled and landed 
in the ocean a short distance away. I will not stop to go into these 
separation problems, but one of the things which we have found in 
some of our vehicles is that a solid propellent rocket, after the main 
burning is over, has little slivers and bits of shavings left inside which 
then burn and give an extra kick. So, it sometimes goes farther than 
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intended and bumps the final stage knocking it off course. Now, to 
avoid this we trip it over out of the way with a device or gadget so that 
if it does have this after-burning, it will go off at an angle rather than 
go ahead and bump the next stage which 1s in flight. , 

Mr. Jonas. Have you developed any figures which you could put in 
the record to show what the VANGUARD cost ? 

We expect failures, understand, but a lot of people are disturbed 
over the cost of the program. 

Dr. Drypen. About $110 million, I think for the entire VAN- 
GUARD program. There is a very detailed report by the staff of 
the House Appropriations Committee, Mr. Thomas, which has very 
complete details on the VANGUARD. 

Mr. Jonas. Do you mean details on just this one? 

Dr. Drypen. On the whole VANGUARD program. These VAN- 
GUARD shots constitute our winding up of the vehicles that were 
left from the IGY. There were three successful launchings—which 
is a success rate of about 30 percent—not much different from the rec- 
ord for any of the other vehicles. The only trouble was that the 
failures came at the wrong time. The failures came first. Actually, 
the statistics are somewhat worse but not a whole lot worse than those 
for many other programs. 

JUNO I FAILURE 


You will notice here [indicating] a Juno II failure. That is the 
same type of vehicle that put up the first U.S. satellite, the EX- 
PLORERI. They fail sometimes, too. In this case there was a failure 
of the guidance power supply. You probably saw the picture of the 
failure in the paper. The vehicle started leaning over horizontally and 
it was destroyed by the range safety officer 5 seconds after launch. 
Such failures occur in all vehicles. We are gradually learning more 
about them and the record is improving. 

Dr. Guennan. May I interrupt to say to Mr. Ostertag, Mr. Chair- 
man, that I would be surprised if history does not show that the 
VANGUARD was one of the best investments this Nation ever 
made in this kind of work. The results that have been obtained from 
the three satellites that were successful, the training that went on— 
as a matter of fact, practically everything we use today has some 
part of the VANGUARD in it. So, while it was a costly thing: 

Dr. Drypen. The scientific equipment in the firsts EXPLORER 
ane from the VANGUARD. Otherwise, it could not have been 
ready. 

Mr. Osrerrac. It was a pioneering success, then, so to speak? 

Dr. Drypen. Yes, sir. 

Dr. Grennan. I would refer you to the last but one of the issues 
of the Saturday Review where there is a very fine, exciting discus- 
sion of this first little VANGUARD or “grapefruit,” so-called, what 
has come from it and what continues to come from it. 





LAUNCHING OF EXPLORER VI 


Dr. Drypen. The other VANGUARD had a helium regulator 
failure. Then on August 7 came EXPLORER VI, the first of the 
“paddle wheel” satellites, which was the most complex launching 
by our country up to that time. It did have solar power and it 
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was launched on a highly eccentric orbit primarily for reasons of 
the scientific experiments. It was able to dip down into the radia- 
tion belt at 157 miles altitude and go out to 26,383 miles. In the 
launching there was apparently some slight damage to one or two 
of the paddles. It was active for 60 days, but then there was a 
failure and radio transmission stopped. Either the batteries ran 
down ue they were not getting enough energy to keep them 
charged, or there was a failure in the transmitter itself. 

Mr. aaiies AG. May I interrupt at that point to ask you a ques- 
tion with reference to the fans or paddles? That is the means by 
which you charge your batteries? 

Dr. Dryven. Yes, sir. 

Mr. Ostertac. Those will continue to work, will they not, or are 
they intended to work longer? 

Dr. Drypen. They are “intended to continue to work. We are 
finding that there are some problems. 

If these materials are not protected from the high intensity of 
ultraviolet light, they are damaged somewhat. 

In VANGUARD I we were apparently very fortunate in getting 
the kind of glass cover for it which has protected it for a long time. 

Mr. Osrerrac. As long as those paddles work, will the batteries 
and the general mechanism of the satellite continue to work? 

Dr. Drypen. There are other places where it can fail, but rae are 
right generally. In this particular case, as I mentioned, a couple 
of the ‘paddles were not fully extended and the charging cur rent was 
somewhat low. I do not know whether the batteries ran: down or 
whether there was a failure in the transmitter at the end of 60 days. 


LITTLE JOE FIRINGS 


Then, we had two more failures; another JUNO Il—an upper 
stage altitude control malfunction knocked it off course. Then there 
was the first of our so-called LITTLE JOE firings. The LITTLE 
JOE firings are connected with development of the MERCURY satel- 
lite and they are not orbital firings but ballistic firings. The first one 
went off prematurely. The escape rocket went off on the launching 
stand a half-hour before the LITTLE JOE rocket was supposed to 
be launched. The LITTLE JOE booster rocket was not affected and 
stayed on the ground and was used over again. This was traced to 
a wiring error. The wiring in some of these things is very compli- 
cated, and in this particular case I suppose in the long run you would 
blame it on human error when we make a mistake in wiring. 


LAUNCHING OF BIG JOE 


On September 9 another of the MERCURY development tests, 
BIG JOE, was launched. This had the MERCURY capsule without 
the escape tower mounted on an ATLAS booster. Its purpose was to 
test, under realistic conditions of reentry, the heat shield that was to 
be used to protect the man in the final capsule. In this particular 
launch the two outside engines of the ATLAS, which are supposed to 
drop off at. a proper point in the trajectory, failed to come off. For 
this reason the BIG JOE trajectory in some ways gave a more severe 
test than the actual reentry will; in some other aspects it did not quite 
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match actual reentry conditions, but it gave us a great deal of confi- 
dence. The heat shield came back in perfect condition. The tem- 
peratures inside the capsule were perfectly within the tolerance of 
man. About as important was the exercise given to the recovery sys- 
tem set up by the Navy to locate and recover the capsule after the 
flight. Because of the failure of the first-stage engines to separate, 
the capsule fell several hundred miles short of the ‘predicted impact 
y0int ; nevertheless, the Navy located it within an hour or an hour and 
a half and picked it up in about 6 hours. So, this was a realistic test 
of the recovery of the capsule and this whole exercise gave us a great 
deal of confidence; so much so we did not see that it was necessary to 
make a second test of this character. 

We do have another flight of this kind coming up with the actual 
capsule as built by McDonnell some time rather shortly now. 


LAUNCHING OF VANGUARD III 


The next and final VANGUARD in the series, VANGUARD ITI, 
was a successful shot. This had a third stage rocket of somewhat im- 
proved performance so that the payload w eight was now 50 pounds 
rather than 20 pounds as in the earlier VANGUARDS. It, again, 
was launched into an elliptical orbit. Its primary instrumentation 
was a magnetometer which measures the earth’s magnetic field. In 
this case the batteries were active for 84 days, but because of the high 
apogee this object will stay up there for 30 or 40 years. 

Then, next, we had scheduled a lunar shot on which we had counted 
rather heavily in this prestige business. On September 24 this blew 
up on the test stand during a static test of the engines. The payload 
was not in place. Therefore, the loss there was of the basic vehicle. 
We will come to another trial a little bit later. 


LITTLE JOE FIRING 


Then, as you recall, the first LITTLE JOE firing had not gone 
correctly before; on October 4 there was a successful firmg of “this 
* called LITTLE JOE. The capsule, the escape tower and the 

scape rocket and this gadgetry [indicating] will pull the man out 
of a bad situation should there be trouble during the launch of the 
ATLAS. If the ATLAS blows up, he can push a button and the 
escape rocket will kick him up in the air and allow him to land by 
parachute. It is a special form of ejection seat, if you like. This 
first test was merely a test of the basic LITTLE JOE booster sys: 
tems. In addition, the booster destruct system was deliberately 
activated in order to make sure that it would function properly in 
case it were needed on future flights. 


LAUNCHING OF EXPLORER VII 


On October 13 EXPLORER VII, which is the so-called heavy 
IGY satellite, was launched. It carried a large number of experi- 
ments which were a part of the IGY program. This satellite weighed 
91144 pounds and had five experiments on it. It will be active for 
about a year and will remain in orbit about 20 years. 

Mr. Osrertac. Have you any reports from it yet ? 
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Dr. Drypen. EXPLORER VIL is still operating. This is one of 
the experiments in which we have offered to give to other countries 
the transmitter code, and have asked them to record the observations 
and work up the results. The reason for that is this: In a few satel- 
lites we had included a tape recorder so that as the satellite took meas- 
urements going around the world which could then be read out as 
it passed over this country. 

This one, EXPLORER VII, broadcasts continuously, and if other 
people do not record the data, it just is not obtained. It is actually 
to our benefit and that of other people to have others record its trans- 
missions and work up the data. We have even offered this to Moscow 
but there has been no reply. 

Mr. Jonas. What other nations have accepted ? 

Dr. Stiverstern. We have sent the necessary information on the 
transmitter code to several, including England and France. 

Mr. Jonas. You have not had any reports as yet ? 

Dr. Stiverstern. No reports as yet. It was made available in the 
information system. 

Mr. Botanp. What information do you get from this mechanism! 

Dr. Dryven. I cannot recall all of the experiments. There were 
five experiments, some connected with the measurement of the radia- 
tion field. 

Dr. Smiverstern. I think this has a cosmic ray count, it has an 
ionization gage, it has the scintillation counter, and a magnetometer. 

Mr. Botanp. Do you receive some of this information from other 
satellites that have already been launched ? . 

Dr. Strverstetn. Some of the information. This one was interest- 
ing because it has information that parallels that in our current 
PIONEER V. Weare getting information from PIONEER V that 
parallels this information in the orbit. 

Mr. Osrertac. They are not in orbit in the same area. That is the 
interesting thing. 

Dr. StiverstTern. We will be able to correlate this information out 
in space with the information we are getting closer in. 

Dr. Drypen. The question is also asked: Why do you have to keep 
measuring radiation over and over again? The first experiments, 
from which you get an overall integrated measurement, are very 
exploratory. Then, you make apparatus which will pick out the 
radiation of one energy level or perhaps you are distinguishing be- 
tween whether it is electrons or protons. This particular one, as I 
recall, had some apparatus from the University of Chicago which 
picked out the very high energy end of the spectrum—these particles 
that we are worried about in reference to biological effects. We do 
not know too much about what happens when these heavy atomic 
particles strike the human being. 

Mr. Osterraa. This one has more weight than any of the previous 
EXPLORERS ? 

Dr. Dryven. Yes, sir. 

Mr. Ostertac. Is it more sophisticated in its mechanism or is the 
sophistication progressively increasing ? 

. Drypven. The orginal EXPLORER was based on the RED- 
STONE booster, and the latest ones are based-——— 
Mr. Osterrac. You are talking about the satellite itself? 
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Dr. Dryprn. The latest one is based on the JUPITER missile 
which can put up a larger weight than the REDSTONE. So, the first 
EXPLORER was much smaller than we can now put up using the 
JUPITER missile. 

Mr. Jonas. I want you to say for the record why you put up the 
seventh when you already had six up? What were you expecting to 
prove with seven ? 

Mr. Osterrace. A different area. 

Dr. Dryven. I did not quite make that point. For one thing, as we 
progress we have to use instruments which analyze in more detail what 
is up there. The second point is there is both a variation with place 
and a variation with time. Even some of the very rough measure- 
ments of the Van Allen Radiation Belt have shown tremendous 
variation in its thickness, depending on what is going on on the sun. 

In a sense it is like observing the weather. It changes all the time. 
You are not measuring something once and for all and that isit. You 
are measuring the conditions in the region near the earth which are 
as variable in some ways as the weather. It is true that there are 
changes in our weather but there are certain features like being cold 
at the North Pole and warm at the Equator. So, the Van Allen 
Radiation Belt, we find, dips down near the poles and it is far out 
near the Equator. It is not symmetrical. In addition to that there 
are time fluctuations which we are trying to correlate with what hap- 
pens on the sun. People look at the sun and see these big solar flares, 
and we look at our satellite records and see whether you find a trace 
of the effect of that solar flare on the instruments in the satellite. 

Mr. Ostertac. You would say, then, there is no duplication in- 
volved in this? 

Mr. Drypen. No, sir. You are measuring something different each 
time. 

I am taking much more time on these than I had expected. 

Mr. Tuomas. Take all the time you want. 


FAILURE OF LITTLE JOE 


Dr. Drypen. On November 4 there was a LITTLE JOE firing 
simulating about at a low altitude. In this case the separation rocket 
fired with a slight delay and we did not get quite as severe conditions 
as we wished, but otherwise everything functioned perfectly. 

On November 26 we had a heartbreaking experience which some 
Members of Congress witnessed. I do not know whether any of you 
happened to be at Cape Canaveral at that time or not. 

Mr. Ostrerraa. I was there. 

Dr. Drypen. There was a failure of a fairing which caused prema- 
ture separation of the payload. ‘This was very heartbreaking because 
it turned out that although there had been a lot of wind tunnel meas- 
urements of the load on this fairing at a good many speeds, unfortu- 
nately, it was found out afterward that between two of the speeds 
at which the loads had been measured there was a peak in the loads 
and there was also a question about the margin of safety factor in the 
strength of the fairing. These two effects were enough to move over 
the line and to cause a failure. This will never happen again, I can 
assure you. 

Mr. Osrerrac. Are you fairly well satisfied that you have gotten 
all the bugs out of it ? 
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Dr. Drypven. This will not happen again, I can assure you. 

Then, on December 4 there was a suc cessful high altitude test of the 
MERCURY escape system under full dynamic ‘conditions. This one 
separated 100,000 feet up and coasted on up to 278,000 feet and 
landed 177 miles from Wallops. Tt carried a rhesus thankity, 

Dr. GLENNAN. I believe its name was Sam. 

PERCENTAGE OF SUCCESSFUL LAUNCHINGS 

Mr. Evins. In looking at your chart, is it safe to say that in your 
1959 operations you had nine successful launchings and seven faihires? 

Dr. Drypen. That is right. It would be a little over 50 percent. 

Mr. Yares. What is the rel: ationship of your success to that of the 
Air Force and the Army? 

About how many launchings did they have last year? 

Mr. Horner. Their rate is in the same order of magnitude. 

Dr. Drypen. They may be up to 70 percent or so. 

Mr. Horner. It depends upon what you rank as a success. They 
have had a higher rate of success in actual launchings because they 
have been doing repetitiously the same type of launchings, for ex- 
ample, inthe DISCOVERER series. 

On the other hand, if you count as a success the final recovery of 
the capsule which is the intent of the DISCOVERER program, their 
average has been lower. 

Mr. Evins. If you were to repeat vour LITTLE JOF firings 
several times, you could build up a higher percentage of successful 
launchings, but it is a question of whether to experiment in a new 
field ? 

Dr. Drypen. We are making an effort to get down as rapidly as we 
can to a comparatively few vehicles, but in the past year we have not 
had much choice. 

Mr. Evrys. One other thing: With reference to the VANGUARD 
we say sometimes it is a success and sometimes we say VANGUARD 
is a failure. You have sen VANGUARDS listed without identifica- 
tion as three and four when on the other hand we have seen VAN- 
GUARD IT listed as being successful and VANGUARD IIT was 
successful. How do you designate those ? 

Dr. Drypen. We have given these numbers only to the successful 
ones. There have been 3 successful VANGUARDS in 10 flights. 

Mr. Horner. It might be well to point out as a matter of record 
that we do not number any given launching until it has been success- 
ful. 

Dr. Drypen. Assigning numbers before launch would give us much 
trouble in keeping records and people would want to know where the 
missing numbers were. 

Mr. Yates. May I return to my Air Force question and ask you 
whether or not there is any relationship to their firings with the 
groups that you seek ¢ 

PIONEER V 


Dr. Drypen. They are not making firings for the same purpose at 
all. TI should mention, of course, that we have used the Air Force 
crews to fire ATLASES and to fire THORS. The last firing that I 
have mentioned is the March 11 firing of PIONEER V, a 26-inch 
satellite, a picture of which T have here. TI have no charts but here is 


the vehicle. That is the THOR-ABLE IV vehicle. Here [indicat- 
ing] is the satellite with those paddles folded up. This [indicating] 
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is the inside of the satellite showing some of the instruments. This 
has gone into an orbit around the Sun between the Earth’s orbit and 
that of Venus. The other solar probes have been launched outward 
between the Earth and Mars but this was launched inward toward 
Venus. It is rather interesting because you have to shoot backward 
from the Earth and it speeds up again as it comes closer to the Sun. 
Someone has described it as two horses on a racetrack with the Earth 
running around the outer rail and Venus running around the inner 
rail and you send this object from the outer rail toward the inner 
rail. 

PIONEER V will get 18 million miles closer to the sun than the 
Earth’s orbit. Of course, since its cycle is 311 days instead of 365 
days, it will get. to greater and greater distances from the Earth. It 
will eventu: lly be on the other side of the Earths’ orbit from the Sun, 
which will put it 186 million miles away from the Earth at that time. 
But, in 5 years, roughly, it will be back in the general neighborhood 
of the Earth again. If we are lucky enough to have all ‘the equip- 
ment. work for 5 years, we ought to be able to pick it up again in 5 
years. 

Mr. Osrertac. For 311 days it will stay in that same position ? 

Dr. Drypen. No. It will be in an orbit around the Sun but it will 
take 311 days to go around; whereas, the Earth takes 365. So, it 
gradually gets farther and farther away from the Earth and finally 
it will be on the other side of the Sun from us, but in 5 years it will 
come back, within 10 or 20 million miles of the Earth. 

This satellite has a number of experiments on total radiation, high 
energy component of the radiation, magnetic field and meteorites and 
these measurements, of course, will be made out in space where we 
have not been before. It also measures the inside temperature of the 
satellite. It has a gadget. which sends an impulse when it is looking 
toward the Sun. PIONEER V is noteworthy because it has the most 
powerful transmitter that we have installed in any satellite—a 150- 
watt transmitter—and it is expected that this will send signals over 
distances of 50 million miles, and it will be less then 50 million miles 
from us for the next 4 months. 

I have been interested to see that the papers have had this on the 
front page every day. I wonder if they are going to keep it up for 
120 days. 

Mr. Ostertac. What. booster did you use for this? 

Dr. Drypen. This was the THOR-ABLE IV. THOR is the 
booster and the ABLE TV is a growth of the VANGUARD second- 
stage vehicle. The probe actually has two transmitters. It has solar 
power. The power on the smaller one—— 

Dr. Strverstern. It is 5 watts. 

Dr. Drypen. And we are using the 5-watt transmitter now for about 
15 minutes out of the hour. The 150-watt transmitter later will give 
us 5 minutes out of the hour. 

Dr. Sttverstern, We can turn these transmitters on and off. We 
can send the signal to turn it on and shut it off. This is to conserve 
the batteries to be sure that we get enough charge in between time. 

Mr. OstertaG. Does it store up the information ? 

Dr. Drypen. Yes, sir. It goes into action for 15 minutes every 
hour. About 20 or 30 days from now when the signals begin to get 
veak we will couple these two together so that the 5-watt transmitter 
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becomes an amplifier, feeding the 150-watt transmitter and that will 
be used 5 minutes out of the hour. 

Mr. Yates. Did you use a military rocket for your booster? 

Dr. Drypen. Everything we have used other than the VANGUARD 
has been a military IRBM rocket. ; 

Mr. Osrerrac. Suppost you use an ATLAS on this project ? 

Dr. Drypen. We are just beginning to get the ATLAS into use. 

Mr. Osrerrac. It would have a stronger thrust would it not? 

Dr. Drypen. It would have put a heavier weight out. 


MANNED SPACE FLIGHTS 


Mr. Evins. As a result of this year’s experiments, are you closer to 
man-in-space flight or have you had to reevaluate your target dates? 

Dr. Drypen. Dr. Van Allen made a speech the other day in which 
he said we could not put a satellite in the middle of the radiation belt 
and stay there with man in it or even with sensitive photographic 
equipment and similar apparatus because the radiation intensity is too 
great, but with a rather modest amount of shielding, he saw no pro- 
blem in going through the belt and back through it again. There are 
some who say that as we get farther out there are fields of energy 
from the sun that we will have to do something about; one purpose 
of these experiments is to give us that type of intonation from a 
greater distance out into space. 

Mr. Evins. Do you think you are closer to it or further away? That 
is the question. 

Dr. Drypen. We are closer to extending flight of man. We are go- 
ing to accomplish manned flight very soon not only inside the radia- 
tion belt but out to greater distances. 

We have many problems to solve before manned flight to the moon 
or a manned flight around the moon which we hope to do in about 
1968. 


USE OF MILITARY BOOSTERS 


Mr. Osterrac. Before you leave that, this brings to mind that in 
certain of these projects, if not all of them, you are using military or 
Air Force missiles—the first stage; is that right? 

Dr. Drypven. That is correct. We buy them from the military. 

Mr. Osterrac. And a part of their procurement and production 
actually falls in place with your program in that you acquire them 
or purchase them from the military; is that correct ? 

Dr. Drypven. That is correct. 

Mr. Ostertaa. In the case of the ATLAS-ABLE, which as I un- 
derstand it is a project to send a satellite around the moon—the one 
that you failed on Thanksgiving morning—you do have a surplus 
supply or rather an additional satellite ready to go? 

Dr. Dryven. Well, in the event of a failure there may sometimes 
be one payload which is ready. We usually like to have three pay- 
loads; one to check and be sure it will stand the environmental con- 
dition, and one so if anything goes wrong 

Mr. Ostertaa. At that time I understood you had three. 

Dr. GLENNAN. We built three payloads, as Dr. Dryden says. One 
is tested—sometimes to destruction—although some parts of it are 
usable again. The second is put on the launch pad unit, and if some- 
thing goes wrong and it cannot be fixed immediately, you just lift that 
off and use the third one, which is a spare. 
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Mr. OsrerraG. You actually make another one? 

Dr. GLENNAN. Yes, sir. 

Mr. Osrertac. But you have no problem in acquiring the first 
stage ? 

Dr. Giennan. The ATLAS—— 

Mr. Osrerrag. Or the rocket ? 

Dr. GLENNAN. No, sir. 

Mr. Osrertac. The whole problem is from that point—from the 
first stage—to the payload itself; is that correct? 

Dr. GLENNAN. That is correct. 

Mr. Yates. But you have trouble obtaining launching pads, do you 
not ? 

Dr. Drypen. There is a problem of scheduling but we have been 
able to work that out. NASA was established on October 1, 1958. 
This PIONEER V was authorized by Dr. Glennan and myself within 
the first month. We are just now beginning to fire the vehicles on 
which we made decisions after we took over. Practically everything 
else that we have fired had been planned in the Department of Defense 
or elsewhere before NASA ever existed. 

This year to a year and a half is about the leadtime it takes to do 
an experiment with a vehicle that already exists. 

You asked about the use of military boosters. The ATLAS re- 
quired about 5 years to develop. So we have the choice of using 
THORS or ATLASES or sitting around and waiting for 5 years 
while we go through a duplication development which would not 
make sense. 

The vehicle program will be gone over in some detail later, but to 
give you some idea of the leadtime—when you have the pieces in exist- 
ence the leadtime is about 114 years and when you do not have them 
the leadtime is perhaps 4 or 5 years. 


FUTURE LAUNCHING PROGRAM 


Mr. Jonas. You made your second and last ABLE effort within 60 
days of the first failure. You are not ready to announce when you are 
going to try again, are you ¢ 

Dr. Drypen. Dr. Silverstein will give you the details of this later. 

I want to close by giving very roughly what is in the years ahead. 
In the sounding rocket program we continue at a level about the same 
as the IGY level of 100 or 110 firings. Many people ask: Why do you 
have to use sounding rockets at all? In the first place, we find it 
advisable to launch equipment of the type you see on the sounding 
rocket before the same equipment goes in the satellite. A sounding 
rocket costs $25,000 or $30,000. With it you can subject equipment 
to many of the same stresses it will later encounter in a satellite 
launch. The other point is that the satellite measurements extend 
from roughly a hundred miles up. A satellite at a hundred miles 
won’t stay up very long, and you use sounding rockets to continue 
your measurements down at lower altitudes than the satellites give 
you. 

Mr. Osrertac. Was the ATLAS-ABLE project planned before you 
took over? 

Dr. Drypen. This is in the same group. Dr. Glennan and I au- 
thorized three firings—the VENUS firing originally scheduled in 
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June of 1959, if you will recall, and it became quite obvious that we 
had underestimated the time required to get these things ready. We 
have a year’s experience now. We are able to do better in estimating 
when we can do something. 

I previously described the 4 satellites and 1 probe which were 
successfully launched in 10 attempts. We obtained a lot of informa- 
tion as I have described. Satellite activity will continue at about the 

same rate. In the applications area, we have the passive communica- 
tions satellite, the 100-foot sphere. I expect some of you saw one 
of the three ballistic firings we made to check out the pay load package 
in the last stage of the rocket on the 16th of January, 18th of February, 
and 27th of Febru ary. In these firings, the balloon was launched to 
an altitude of 250 miles, inflated to a diameter of 100 feet. It was 
traveling about 9,000 miles an hour and was visible all up and down 
the eastern seaboard. One of them I saw from the airport at Newark; 
probably you have seen this one or one of the others. 

The actual satellite firing will take place within the next few 
months, we hope. There are other firings in the communications mis- 
sion covered by the estimates that are before you. 

In the meteorological satellite field there will be a TIROS shot 
fairly soon—two of those this year. This will be followed by NIM- 
BUS, a more complex device. T will not review Project MERCURY. 
The amount in the budget, we think, will bring suborbital flight of 
a man this year and sometime next year the ‘orbital flight of the 
astronaut. 

I talked before about the long leadtime question. The estimates 
that are before you cover spacecraft, as we call the object that goes 
in orbit, second and third generation experiments, and more adv anced 
scientific satellites. One which is of interest to a great m: iny people 
is an astronomical telescope, to be stabilized and pointed with a very 
high degree of accuracy, perhaps of the order of 1 second of are. 
The advanced research work on this project is being done in our 
Ames Research Center. This will follow through to industrial de- 
velopment of the stabilization system. 

The astronomers are busy with their designs and plans for what 
they want to measure and the kind of telescope that is to be built, 
et cetera. 

There is money in here to prepare for advanced lunar missions. 
Again, this will be described in some detail. 

The pace will step up to about 30 major launchings per year, 
roughly double the number for this year. The ones this year were 
mainly financed in the years before, although some 1960 funds are 
necessary in completing them. 

The vehicles program includes the continued development. of the 
ATLAS CENTAUR vehicle, money for the SATURN the lower 
stage booster and the upper stages, the F-1 million and a half pound 
engine, ROVER rocket, and for auxiliary power—some substitute 
for batteries that will last longer and give more power to run instru- 
mentation; this will be specifically necessary when we are able to put 
two or three thousand pounds into orbit—and electrical propulsion, 
which has been mentioned. 
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INTERNATIONAL PROGRAM 


I would like to mention very briefly the fact that we have brought 
other nations into a cooperative relationship with this program. 
The Space Act authorizes and directs us to cooperate with other na- 
tions In space activities, 

What has happened, briefly, is this: There have been many discus- 
sions, some at the initiative of other countries, some in which we have 
taken the initiative. They follow a pattern in which we, as repre- 
sentatives of NASA, describe the organization in this country, the fact 
that there is a civilian program and a military space program, how 
the civilian program is set up, and the desire of the Congress and 
NASA to have cooperation from other countries. 

The nature of the talks differs somewhat with each country. The 
talk that we had, say, with Argentina, which has very little capa- 
bility at the moment but is interested in met teorological-sounding rock- 
ets, dealt with their interest in seeing if we might train a man or two 
in sounding rocket work. At the other end of the scale are our discus- 
sions with the British about a cooperative project in which we will 
furnish a solid propellent rocket, the SCOUT, and they will furnish 
the payload. We have talked with the countries about the desired 
pattern of cooperation. This is one program in which we are not 
subsidizing other nations. The British, for example, appropriate 
money to ¢ construct their own experiments and payloads—experiments 
of the type which we would do normally in our program if they did 
not do them—so, to a certain extent you might say that the British 
Government is taking a part of this load of space exploration. 

Our contribution, of course, is the larger, but there is no exchange 
of funds. They furnish the people, pay travel expenses, furnish 
equipment, et cetera. 

Our international activities cover the exchange of information like 
the IGY exchange, with which you are familiar, like exchange of 
people. Our tracking and telemetry activities around the w orld in- 
volve us in discussions with many other nations. In a number of cases 
we have been able to get their support to the extent where the other 
nation will take the entire operating cost. 

Mr. Osterrac. Doctor, dollarwise, how much does our expenditure 
compare with the British, just in round figures on an annual basis / 

Dr. Dryven. In this project ? 

Mr. Evins. Not in one particular project, but overall. How much 
are we spending on an annual basis as compared to the British in 
this field ¢ 

Dr. Drypen. In our varied program we, of course, will be spending 
$900 million. Do you recall the British figure? I don’t recall it 
offhand. 

Dr. Sttversrern. It is less than a million dollars. 

Dr. Drypen. In the order of a million dollars would be my guess. 


COSTS OF LAUNCHINGS 


Mr. Yarrs. On a comparable question, Doctor, you have declared 
the cost of VANGUARD I was approximately $110 million. Can 
you give us the total cost of all the launchings that you have listed 
on that chart 
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Dr. Drypen. We can supply it. I could not give it to you right 
offhand. This is the mission product. 

Mr. Yares. Is this the total budget of NASA ? 

Dr. Drypen. No. If you took the direct cost of these activities 
this would account for—I don’t know. Do you have a guess? 

Dr. Strverstern. I would not want to guess. We can furnish it 
for the record. 
(The information requested is as follows :) 


Il ce mens niece clin * $8, 672, 000 
ad atin heamaseanimnneannre dremniserines * 4,501, 000 
Ne ee eee eee nee ene nthe eee es owe . *8, 672, 000 
pea emer Ce Sr a a Se eG _ *8, 672, 000 
ns A NO aoc inss shite acha ddd edednthde the shee bdo didemmeen—eeH * 4, 501, 000 
I ish cr inhmibirenagines 9, 504, 000 
Nee caterer cieiairveangineand ._ 8,156, 000 
en eteresnntirngeran ge ectaitees See icgcens: * 978, 000 
nD I A tats Se le 6, 201, 000 
Sept. 18, VANGUARD III__---- be i i es Re a oe a ae * 8, 672, 000 
I a Se a i cca cle bs itil etna * 9, 728, 000 
als ingehabion ae * 978, 000 
Nee eee ne ee chacbrepinmsontraemencyesianeterarcomamargres *4, 744, 000 
Nov. 4, LITTLE JOB_--__.-__-_- Peek atd diane hia ese kg biee bbe ath ett * 978, 000 
cas re cAI 335 5 a el dhl ineta--w 8 215,689 
I itd th acum eceeigeineneetnianenin * 978, 000 


1The VANGUARD costs are derived by prorating the total program cost (including 
salaries and development but excluding construction) over 11 launch attempts. 

2The PIONEER HII, PIONEER IV, BEACON, and 2 EXPLORER VII's were developed 
and launched for $22,504.606. These costs are each one-fifth of the total, with the data 
analysis costs for EXPLORER VII added. 

® The total estimate for 6 LITTLE JOB launches (not yet complete) is $5,868,000. 

“The first ATLAS-ABLE included all development and payload costs; the 2d ATLAS 
ABLE costs include only booster hardware and minor modifications. 


Dr. Drypen. In order to do all these things there is much in the 
way of advanced research and development which has to be done, 
and which is not normally charged as a direct cost, so that you are 
likely to be a little misled by direct costs only. You would be mis- 
led if you thought we could do this job with the numbers written 
down as a direct cost to these flights. This is what I am trying to say. 

Mr. Yates. You have indicated that the cost of VANGUARD I 
would he so much. I wondered whether you had record of the cost of 
VANGUARD IT, PIONEER, and the others listed on the chart. 

Dr. Drypen. When we stated the cost of VANGUARD, that cov- 
ered the whole development program of VANGUARD, which in- 
cluded not only the rockets, scientific instrumentation—which was 
used in the EXPLORERS—tracking networks we have inherited 
which largely came out of that $110 million, minitrack stations, op- 
tical stations around the world, so that the $110 million is the total 
expenditure for 10 VANGUARDS and all payloads and tracking 
equipment. 

Mr. Evins. It is obvious we are gaining a great deal of information. 
It is valuable and worthwhile. We applaud your Agency for it, but 
what are we getting in return from others? We are spending vast 
sums of money and we are immediately making it available to others. 
What are we getting in return, quid pro quo? Can you put your 
finger on a few specifies we are gaining from others? 

Dr. Drypen. We are getting in return from other nations the sci- 
entific ideas and talent that come from another group of people who 
are extremely capable in the field of science generally. This is the 
main return. We have an intangible return that I do not know how 
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to measure, in holding up the morale and interest of the Western 
nations in the United States, In fact, this is by sharp contrast with 
the present attitude of the U.S.S.R. We are willing to cooperate 
with them. So far the U.S.S.R. has not admitted other nations into 
their scientific program, other than Iron Curtain countries. 


CLASSIFICATION OF INFORMATION 


Mr. Osrerrac. On that point, Doctor, all of the information and 
developments that take place in connection with space exploration and 
your project, generally, you do not reveal to the world generally 
everything that is evolved, do you ? 

Dr. Drypen. If there is anything which is considered to have mili- 
tary significance and value, this is classified. 

Mr. Ostertac. How do you determine whether it might or might 
not have military significance ? 

Dr. Drypven. In the same way we do any classification job. 

If the chairman would permit, I did make a progress report in 
considerable detail on the national program. 

Mr. Tuomas. You take all the time you want. 

Dr. Drypen. I would like to simply put a speech into the record, 
which was a progress report on our international activities. 


COST OF LAUNCHINGS 


Mr. Tuomas. I think you might clarify the point raised by Mr. 
Yates. It is generally thought that the direct cost on one of these 
big firings, a military proposition, the direct cost, cost of engines, in- 
strumentation and everything, as was expressed to me at Canaveral 
when I asked for the direct cost, was $314 to $5 million. 

Dr. Drypven. That is bare cost of the vehicle. 

Mr. Tuomas. When you put the research and development cost on 
it perhaps it was between $40 and $50 million that that one firing 
cost. 

Dr. Drypven. There is a cost figure in between. Our bill for 
THOR-ABLE is about $14 million. 

Dr. StnversTErNn. One shot ? 

Dr. Dryven. Yes. 

Dr. Su.verstrern. It is between $10 to $14 million, depending on 
how you divide it up. 

Dr. GLENNAN. These are subject to the vagaries of the accounting 
system. If you took 10 VANGUARDS and the total program costs 
$110 million, are you justified in saying each shot cost $11 million? 
The actual hardware for each of those shots might have cost a million 
or a million and a half dollars. As to the development cost, it is 
just as you treat the development cost of a motorcar. When Ford 
out the Edsel, they said they had spent a quarter of a billion dol- 
ars making the first Edsel. Then they spread that cost over all the 
ears produced. They are selling a product. Unfortunately, we have 
only a few units over which to spread our development costs. 

Dr. Drypen. For the SATURN vehicle, it might cost a half billion 
dollars for the first one. 

Dr. Guennan. Yes. 

Dr. Stuverstern. In VANGUARD, this project which cost about 
$110 million, we developed in that program the upper stages used in 
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the rocket that was fired on the 11th, PIONEER V. The ABLE 
stages were a product of the VANGUARD development, second and 
third stage financed in the VANGUARD program, In the same way 
the first solar cells we financed in VANGUARD I were also operated 
in this program. The telemetry developments are used later. The 
minitrack stations we have put down in the VANGUARD program 
are being used now in all of our satellite programs so this initial 
investment and the initial investments we are making in this program 
are simply building the base or the groundwork for continuing the 
program in the future. 

Mr. Jonas. We can agree we are not dealing in peanuts in the cost 
of this program. 


PROGRESS ON INTERNATIONAL PROGRAM 


Dr. Dryven. I simply wanted to ask permission to put in the record 
this speech, rather than to take the time to talk for another half hour. 
It amounts to a progress report on the international program. It tells 
you in detail what we are involved in with each nation. 

Mr. Tuomas. Give us the highlights of it. We will get it from you 
now. 

Dr. Drypen. I think the major program, of course, is an agreement 
with the British that we will devote three SCOUTS in our program 
to scientific payloads which have been built in England. Beyond 
this point the British are considering developing their own satellite 
vehicles, based on their current ballistic missiles. They are doing 
design work now. The Government has not decided whether the 
British are going to build their own satellites or not. 

In the case of Canada we are cooperating, first, in some sounding 
rockets at Fort Churchill. The Canadian Telecommunications Lab- 
oratory is building a special instrument called the topside ionosphere 
sounder for ms aking some measurements of the ionosphere from above. 
We now measure from below by sending signals up from the ground 
and reflecting them from the ionosphere. 

The Australians have expressed interest in a payload which would 
measure the radio noise from the stars in the very low frequency 
region, a radio astronomy experiment. 

There have been exploratory discussions with the French, the 
Swedes, Norwegians, Italians, Japanese. These are still in the early 
discussion stages. 

Mr. Evins. Does your report show that the telemeter systems of 
our country are being used on a grant basis to the — countries ? 

Dr. Drypen. I do not quite know what you mean. TIT do not know 
of any exchange of actual apparatus. In the case of the British ex- 
periments, we will provide the telemetry. It has to be consistent with 
our world net. They will provide only the scientific instrumentation 
and the satellite shell. 

Diseussions with other countries are still in the early stages. 

We have adopted the view that we do not want to do work purely 
for training, purely for allowing other people to get experience; the 
experiments must be a part of the program that we would otherwise 
do for ourselves. 

You will not find in this budget anything set out specifically for 
international activities other than, I think, an identification of the 
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three SCOUTS in the series that are to be used in the British ex- 
periments. ' 

This is the only one that is solid at the present time. 

From here on Mr. Horner is going to talk about resources and then 
General Ostrander, details of the vehicle program; Mr. Silverstein 
the schedules, and Mr. Abbott, advanced research. 

Mr. OsrertaG. Doctor, in connection with the British development, 
they have a rocket of their own; do they not, or a missile? 

Dr. Drypen. They have a missile of their own under development. 

Mr. Osrertag. It is not operational ? 

Dr. Drypven. It is not operational as yet. 


STATEMENT OF THE AssociATE ADMINISTRATOR 


Mr. Horner. It is my purpose to extend the remarks of the Ad- 
ministrator and Dr. Dryden in discussing with you our resources, the 
facilities and personnel which we are integrating into our R. & D. 
organization, the funds that have been made available to us in the 
first 2 years of the life of the organization and the request for new 
obligating authority which is before the committee at this time. 

We think the sums we are requesting represent an optimum match 
of staff, facilities, program, and financial support. General Ostran- 
der, Dr. Silverstein, and Mr. Abbott will describe in greater detail 
the content of the technical program and relate the various elements 
of the fund requirements to the program. 


GROWTH OF PROGRAM 


To provide background information for the budget request, I think 
it is interesting to note the level of funding which has been provided 
for in prior years. The first chart, provides a comparison of the dollar 
magnitude of the NASA program in fiscal years 1959, 1960, and 1961. 
These sums would indicate a rapidly expanding program. However, 
the rate of growth of the program is not solely a result of the matura- 
tion of active development projects since in each of the last 2 years 
substantial new responsibilities have been assigned to NASA as our 
national space effort has been defined and focused on the twin objec- 
tives of space exploration and the application of space vehicles. For 
ie. only a few months ago responsibility for development of 
superboosters was assigned to NASA and has resulted in a major addi- 
tion to our stafling and our fund requirements. 

Regardless of the reasons for the growth, however, the rapid rate 
has extended our management capability to the limit of its capacity. 
The extra hours and added assignments have become a rule for our 
staff, both at the Washington headquarters and in the field centers. 

It is only in this way that we have been able to maintain work 
schedules and though we do have occasional development failures, 
that bring severe disappointment, they also bring added determination 
on the part.of all to bring success to the highly diversified and broadly 
cast program which we have initiated. 

In the area of financial management, you will be interested to know 
that substantially all of the money appropriated fer program suppert 
in fiscal year 1959 has been obligated to project activity. The pro- 
gram implementation performance has been equally satisfactery dur- 
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ing the current fiscal year, with funds being committed at the sched- 
uled rate, and I would like to assure you that this is not just & process 
of committing funds for the primary purpose of maintaining a sched- 
ule of expenditures. 

VARIANCE IN ESTIMATES 


Mr. Tuomas. I wonder if the gentleman will yield there briefly? 

In the first place, let me say that the committee is wholeheartedly 
in sympathy with your program, with your plowed and unplowed 
fields. Naturally, there has to be a lot of guesswork in your program. 
The nature of the proposition does not lend itself to anything ap- 
proaching mathematical accuracy. 

If you knew all the answers, you would not need this research and 
development program. 

On your salaries, it is understandable that they are in the neighbor- 
hood of $170 million. You have so many bodies at so much annual 
pay. You can arrive at that figure. For construction, and for re- 
search and development you have roughly $750 million—$122 mil- 
lion for construction and ‘about $621 million for research and devel- 
opment. That $750 million is composed of two or three hundred or 
more items of expense. 

Just what yardstick do you use to arrive at those figures? 

In the first place, are they based upon open, competitive bid? Ob- 
viously the answer is bound to be “No” at this particular stage because 
you have not submitted them to any contractors. In your judgment, 
I know the figures are the best figures that you are able to arrive at 
but certainly in arriving at them there must be a variance of any- 
where from 5, 15, or 25 percent in your estimate. 

Is that a fair statement? 

Dr. GLrennan. No, sir. I would like to take that on, Mr. Thomas. 

Mr. Tuomas. We are going to take you all on. You had better all 
take a try at it. 

You be first. 

Dr. Grennan. These estimates are made by people who have been 
active in this business for some years and who have had similar re- 
sponsibilities, have had the task of carrying out a program which has 
facets similar to these so that these are not guesses. These are esti- 
mates, of course, but they are sound engineering estimates. They do 
not have the factors which I think you must tend to include when you 
say 15 to 25 percent cushion in figures of this sort. 

Mr. Tuomas. How do you know what X project is going to cost? 
You haven’t submitted it to a contractor. How do you arrive at it? 

Dr. GLENNAN. We arrive at it by estimating based on past experi- 
ence. I know of no other way to do it. 

Mr. Tnomas. You have not had any past experience. 

Dr. Grennan. Every person I think on the staff that we have—that 
is an exaggeration, per haps, but the very, very great bulk of them have 
had a great deal of experience in these and similar fields. 

Mr. Tromas. No question about that, but vou have not had experi- 
ence in building this exact same project. That is what I am talking 
about. 

Dr. Guennan. No, sir. I hope we do not have to go through it 
twice. 

Mr. Tuomas. Just how do you arrive at that? Take this. This 
is the Langley Research Center. You have a dynamics research 
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laboratory. Of course, this is just one of the small items of cost. 
This is only a $4 million item. Of course, it is not exactly chicken- 
feed, at that. How firm are these figures? Your building will 
cost. $519,000. 

Dr. Drypen. They are made by the people who have designed our 
equipment in the past. In many of the places in the book, Mr. 
Thomas, you will find three columns: 1959, which is numbers from 
actual contracts; 1960, a mixture, some of them are actual contracts, 
some are estimates; 1961 is an estimate. 

Mr. Tuomas. Mostly your figures are for expenditure this year. 
They are new items. 

Dr. GueNNAN. You are speaking only of construction and equip- 
ment now ? 

Mr. Tuomas. Yes. I assume some will go to the other. 

Dr. GLENNAN. My comment went to the other. 

Mr. Tuomas. These are not firm figures because you have not put 
them out to contract. 

Dr. Drypen. That is correct. They are made by architects and 
engineers who have designed all of the equipment that you see when 
you go to one of our stations. 

Mr. THomas. Doctor, you are the only agency that I know of that 
will admit that your figures are firm. We see a lot of construction 
in a lot of other scientific agencies. I believe you were the first one 
to admit 4 or 5 years ago that your figures were subject to variance 
of 10 to 15 percent in the old National Advisory Committee for 
Aeronautics. 

Dr. Drypen. They are estimates, sir. 

Mr. Tuomas. May I say for the record that when the committee 
and Dr. Dryden finally leveled on a figure, that you performed within 
that figure and you always did a beautiful job. 

Dr. Drypen. We changed the plans to stay within the money you 
allowed. We do not build the same thing we estimate for you at 
10 percent less cost. 

Mr. Tuomas. Your construction was always A-No. 1, was it not? 

Dr. Drypen. We build a useful facility but it is not exactly the one 
described, when funds are cut 10 percent. 

Mr. Tuomas. Did it do the job you had in mind? 

Dr. Drypen. It did a job, not quite the same job. 

Mr. Tuomas. How much variance was there? 

Dr. Drypven. I would say, of course, that no estimate can be exactly 
accurate but you cannot take a cut of 10 percent and do exactly the 
same thing. 

Perhaps once in a long while when the construction market goes 
down, some months later we might get the original project for the 
reciced amount. In other cases prices go up. 

Mr. Tuomas. Take in a building where you allow $30 a square 
foot for construction. If you build the same building, have a good 
roof on it, you cut it down to about $18 to $20 a square foot. It does 
not hurt you, does it ? 

Dr. Drypen. The usual thing is to cut off some of the length of a 
wing or that sort of thing. That is the way we stay within the money 
we have. 

Mr. Tuomas. Does it serve the same purpose and do the same job? 

Dr. Drypen. Not exactly. 
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We have had no great complaint about our experience with the 
committee over many years on construction. I think you have in most 

eases given us the equipment to meet our needs to keep current. It 
hi is not always been the same equipment we desired in the first place. 
These are the best estimates we could make of what we would need 
and what we think we need would cost. 

Mr. Tuomas. With leadtimes of 18 to 36 months, I just do not see 
how you arrive at all these round figures and say that they are not 
subject to variance from 15 to 25 percent. 

Mr. Umer. I think it is fair to say they are subject to variance. 
Some bids come in higher than we estimate, some lower. Instead of 
the 15 to 20 percent figure, I would like to go to the variance figure 
permitted by the authorization bill, which recognizes that there may 
be a 5 percent variance, either up or down in these figures, and that 
variance provision is carried in the authorizing legislation. As I 
said, it is true these are not firm bid prices, but they are based on the 
experience of the people who have been building sc ientific facilities of 
this type for many years. 

Mr. Tromas. You have not plowed too many fields of this exact 
nature, have you? 

Dr. Drypen. It is pretty close. 

Dr. Stiverstetn. The particular number you picked out, $519,000 
for the building at Langley 

Mr. Tuomas. That was just one of them. 

Dr. Suiverstern. I realize. The man responsible for this estimate 
is Mr. Messick, who for 30 years, and I knew him 30 years ago when 
he was down at Langley, has been doing this work and he is now head 
of the group down there. He has done nothing during that time ex- 
cept to build our buildings, and he has created some $150 million worth 
of buildings in that time period and I think his estimate is probably 
a continuation of his experience. 

Mr. Jonas. Thirty years ago you were a barefoot boy. 

Dr. Stiverstern. I was at Langley and TI knew him. 

Mr. Tomas. What does that add up to? He is a good man. No- 
body is trying to take a shine off him. How accurate are the figures ? 

Dr. Strverstern. As stated, the figures are estimates and if during 
the time, before we acquire the money, the market goes up some, then 
this figure will be too low. If the market should come down some, 
it might be too much. That is the kind of figures they are. They 
are based on engineering estimates. This type of buil ling construe 
tion, of course, is fairly firm in the market. Good engineering organi- 
zations can figure them. 

There is some other construction that is not as firm when we go 
in for the most up-to-date equipment; we do run into problems where 
we have to kind of tailor the thing in terms of the market. at the time. 
We do tailor and have had to tailor all of our equipment this way. 

(Discussion off the record.) 

Mr. Tuomas. You do not have any salaries mixed up in your re- 
search and development program, do you? 

Mr. Horner. Only to the extent we contract with an outside labora- 
tory or company. 

Mr. Tuomas. That applies to your JPL plant, but beyond that? 

Mr. Horner. No. 
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Mr. Tuomas. As a matter of fact, there is a specific limitation in 
the appropriation bill preventing: just that. 

Mr. Horner. That is right. Almost all of our R. & D. account 
goes for industry and of course industry does support salaried per- 
sonnel with that funding but the point I was making was that we do 
have good advanced planning information on those projects that are 
currently active. The uncertainty is generally related to dates of 
accomplishment rather than rates of expenditure that are already 
established in the industrial contracts. 

Mr. Tuomas. Gentlemen, let us get some lunch and get back at 1 
if we can. 

AFTERNOON SESSION 


Mr. THomas. The committee will please come to order. I believe 
Mr. Horner was making a statement when we adjourned. You may 
proceed, Mr. Horner. 

GROWTH OF PROGRAM 


Mr. Horner. One other aspect of the growth of the space program 
oe h requires understanding is the increasing dependence on Ameri- 

van industry for accomplishment of development work. In contrast 
to the practice of NASA’s predecessor organization, the NACA, where 
the bulk of the research programs were carried out by usé of ‘the in- 
house capabilities of the research centers, there has now been added a 
dominating increment of hardward development effort which will for 
the most part be contracted with industry. The next chart illustrates 
this situation. The variation in the fraction of the effort which is 
earried out in Government laboratories during the 3 years that are 
shown reflects the assimilation into the Administration of new organ- 
izational elements, such as the Development Operations Division of 
the Army Ballistic Missile Agency. During fiscal year 1961 more than 
two-thirds of NASA’s work will be implemented by contract. This 
proportion will become even greater in future years. 


RESOURCES ESSENTIAL TO PROGRAM 


I would like to turn now to the specific resources that are essential 
to our program implementation. These are the facilities and man- 
power which we are integrating into our organization. As I have 
mentioned the overall complex of our organizational structure has 
been created largely by the melding of existing organizational units 
into the Administration. The nucleus was prov vided by the 8,040 staff 
members of the laboratories and headquarters of the NACA. To this 
were added 400 members from the VANGUARD Team of the Naval 
Research Laboratory. In the first fiscal year of NASA’s existence 700 
hew positions were provided, and an additional 950 are required in the 
current fiscal year to round out the staff and provide technical and 
scientific skills that were not present in the older laboratories but are 
required for this new business of space exploration. The proposed 
budget program reflects an additional increase to a total strength of 
16,373 in the Administration. 
This staffing level and the costs pertaining thereto are summarized 
on the next chart. The 1960 total staffing for purposes of comparison 
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is set at 10,086. Of the total proposed increase of 6,287—5,400 or 
about 90 percent results from the assimilation of the single group at 
Huntsville, Ala., under the leadership of Dr. von Braun. The staffs 
at the headquarters and at the older field centers will remain at the 
levels established for 1960 and the increase in new hiring of 887 em- 
ployees is applied to the needs of the Goddard Space Flight Center 
and the Wallops Station. This growth is required to supplement and 
balance the skills needed for the space flight programs and to provide 
for their effective integration into the existing effort. 

As you can see, the first 18 months of our organizational history 
have been devoted largely to assimilating existing groups into a co- 
herent and effective working structure. Concurrently, we have had to 
develop and begin the implementation of a complex program of un- 
usually high scientific and technical content. Furthermore, all of 
these activities have been carried out in the presence of, and carefully 
coordinated with, those of other interested Government, scientific, and 
industrial organizations. With these circumstances, it is understand- 
able that increases in our headquarters staff during 1960 were inescap- 
able. We recognize that at least part of the work burden at the head- 
quarters is interim in nature, and we have therefore strongly resisted 
expanding beyond what we foresee as the long-term needs of a more 
stable organization and program growth. The net result, as I men- 
tioned earlier, has been long hours and concerted effort by most. of our 
staff. We scarcely see how we could have accomplished our objec- 
tives without the staff growth which has been realized, nor can we 
anticipate proper performance with less than the stated requirements 
in the appropriation request for your present consideration. 

With the added -vorkload of the recent assignment of responsibility 
for development of superboosters, a new element to the headquarters 
staff has been created. Recognizing the absolute essentiality of at- 
taining the best possible launch vehicle performance in terms of timely 
availability of load lifting capacity, and paying respect to the result- 
ing need for reducing the numbers of types of launch vehicles in order 
to improve reliability, the staff function of directing launch vehicle 
development and operations has been separated from the balance of 
the space flight programs. This has resulted in the functional staff 
organization at headquarters as we see on this chart. 

Aside from the Office of the Administrator and the snecial staff 
offices he requires, the four functional staff elements now include the 
Office of Business Administration, the Office of Advanced Research 
Programs, the Office of Space Flight Programs, and the new Office 
of Launch Vehicle Programs. You will recall that a few days ago 
we announced our intention to add a fifth functional element to this 
listing—the Office of Life Sciences Programs. In this connection, a 
Director of the Office has been named—Dr. Clark Randt—but no 
further staff additions have as yet been made. It is anticipated that, 
although this staff element will be relatively small, it will be highly 
specialized in the critically important skills of the biological sciences. 

The total staff strength for the administration is intended to be 
16,373 people. It is our policy to delegate the responsibility for pro- 
gram implementation and detailed program initiation to the field 
centers as rapidly and as completely as practicable. Functional areas 
of responsibility have been assigned to each of the centers, and T be- 
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lieve it is worthwhile to discuss each of them briefly. You might 
also be interested in refreshing your memories as to the geographic 
location of each of these centers on this large map of the United 
States. The relative position of each center in our organization, with 
the channel of communication and responsibility to the headquarters 
staff, is indicated on this chart. 

The Langley, Lewis, Ames and Flight Research Centers are the 
laboratory centers which constituted the research capability of the 
NACA. Organizationally and for program integration purposes, 
they report to the Office of Advanced Research Programs in the head- 
quarters. Although their individual staff levels have been stabilized 
for the past few years and the proposed staff strengths for fiscal year 
1961 exactly coincide with the fiscal year 1960 staff numbers, the 
program of work at each of these centers has undergone a major 
change in the past 114 years. Whereas, by far the bulk of the work 
of 2 years ago was oriented toward the current and advanced needs of 
aeronautical developments, the combination of significantly reduced 
numbers of aircraft development projects in the United States and 
the needs for research in support of the space flight program have 
rapidly shifted the emphasis of research efforts at the centers to the 
astronautics end of the spectrum. 


RESEARCH CENTER STAFFING 


Mr. Tuomas. How did you use all that big personnel load at those 
installations without any reduction? I have not been able to get a 
satisfactory answer to that. Apparently, based upon your own justi- 
fications, it is going to be from 12 to 18 to 24 months and in some in- 
stances 36 months until you are fully implemented in the way of new 
buildings and modernized equipment to go into the space work. 
During all that period of time I see no reduction in your present per- 
sonnel load. 

Mr. Horner. I think, Mr. Chairman, that this is a process of evo- 
lution. It is very difficult to say when we will be fully implemented 
in terms of new facilities, new equipment and new buildings to have 
the program completely oriented toward the space effort. 

In the first place, we do have some continuing responsibilities in 
the aeronautical field. Approximately 25 percent of the effort at the 
research centers is in support of aeronautical research. This will be 
described later by Mr. Abbott. 

In the reorientation of the balance of the people toward the astro- 
nautics end of the spectrum there has been a continuous retraining 
process and a continuous adaptation of facilities. I am sure that 
this work force will become more effective as the years go by, but it 
constituted the best source of talented people for training into this 
ae program—the best source we Soe find anywhere in the United 

tates. 


Dr. Drypen. When we appeared before you in 1958, at that time 
we were at a level of about 25 percent in space and 75 percent aero- 
nautics. I remember you making the comment that this shift ought 
to be accelerated. By the time we appeared in 1959, I think it was 
more like 50 percent to 60 percent in space, and it is about 75 percent 


now. So, this is a process which has gone on since about January 
1958. 
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During this time, both in 1958 and 1959, you have approved facili- 
ties for the research centers which have aided in this move toward 
the emphasis on space. So, it has been going on about a year and a 
half from practically zero in 1957 to 25 percent in 1958, to about 50 
percent, or a little more, in 1959 and about 75 percent now. 

Mr. Tuomas. The point that I raised is that during that change- 
over period there has not been any reduction in personnel. 

Dr. Drypen. No, because you have a demand which is still going 
on to hurry up and catch up with the Russians. We do not do that 
by ¢ utting out research on space. 

Mr. Yates. Did not the President say we were not engaged in any 

race with Russia ? 

Dr. Drypen. No; I do not think he said anything like that. 

Mr. Yates. He declared in one of his press conferences we were in 
no race with the Russians. 

Dr. Drypven. He said our program should not be determined by 
what they were doing. 

Mr. Tuomas. There has not certainly been any effort or any tend- 
ency in the laboratories to save any money. Instead of that, we had 
a certain amount of appropriated money and you just spent it. 

Dr. Drypen. In January 1958 the Congress began to discuss the 
organization of the space activity and I think it was in April that 
the President sent to C ongress a recommendation that the new agency 
be created, based on NACA and he directed the old NACA to get 
ready to take on this space burden. You do not get ready by reducing 
people. It is going to take many more people than NACA had. Very 
early, of course, was the transfer of the VANGUARD people. 

Mr. Tuomas. But you have not transferred any of those people 
outside of a few of your top people. 

Dr. Drypen. We took about 300 of the best people on the research 
side and moved them over in undertaking these key responsibilities. 
Mr. Silverstein is one, and many of his staff, as well as Goddard’s 
staff and the Langely project people, all came from the old NACA 
laboratories. 

Mr. Tromas. You had 400 out at the Naval Laboratory. They 
did not come from the old NACA installation. 

Dr. Drypen. That is right. 

Mr. THomas. Where are they now? Arethey located at Goddard? 

Dr. Dryven. They are a part of Goddard. 

Mr. Horner. There salle been very strong pressures, Mr. Chair- 
man, to increase the staffing at the research centers in view of the 
increased responsibilities. In many respects the space research re- 
sponsibilities are additive to those that are still going on in aero- 
nautical research. 

Mr. Tromas. You may proceed. 

Mr. Horner. This change has resulted in substantial problems for 
our research center staffs in reorganizing and retraining for the new 
tasks, hiring in new technical disciplines as the effort in areas of wan- 
ing interest is decreased, the modification of old facilities, and the 
creation of new to accommodate the new research regimes. This 
reorientation is progressing at a very satisfactory rate. 
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LANGLEY RESEARCH CENTER 


This photograph shows a major portion of the facilities at the 
Langley Research Center—facilities which have been created at a 
total cost of $154 million. At this center a staff of 3,220 will conduct 
the research program in fiscal year 1961 at a total program cost of 
approximately $50 million. This includes the salaries for the total 
staff, the research and development expenses, and the cost of a major 
facility addition which will be able to simulate the gas temperatures 
and velocities which will be encountered by a space vehicle returning 
to the earth’s atmosphere, a facility whic h is essential to the solution 
of key problems in our ongoing program. Major areas of work at 
the Langley Research Center include research in structures and mate- 
rials, the aerodynamics of reentry vehicles, continuing work in air- 
eraft aerodynamics and fundamental research in plasma physics. 
This center is located near Hampton, Va., and is the oldest and the 
largest of the research establishments. 


LEWIS RESEARCH CENTER 


The Lewis Research Center, located at Cleveland, Ohio, represents 
a facility investment of $148 million and employs a staff of 2,736 
people. An aerial view of the facilities of the center are shown in 
this photograph. Its primary research mission is investigation 
related to propulsion. Research programs are now active on chemi- 
cal rockets with emphasis on high energy propellants, on nuclear 
rockets, and on electrical propulsion devices. Electrical power gen- 
eration in support of this latter area of propulsion research ‘also 
requires major attention from the center. 


AMES RESEARCH CENTER 


At the Ames Research Center, in the Santa Clara Valley of Cali- 
fornia, on the Moffett Naval Air Station, a staff of 1,440 conducts a 
comprehensive research program in facilities with an original con- 
struction value of $107 million. An aerial view of these facilities is 
shown in this photograph. The principal areas of work are space 
environmental physics, including simulation techniques, gas dynamics 
research at extreme speeds, and automatic stabilization, guidance and 
control of space vehicles. There are also under experimental evalua- 
tion at this center several full-scale models of vertical takeoff and 
landing craft. 

FLIGHT RESEARCH CENTER 


The Flight Research Center at Edwards, Calif., is a relatively small 
but unique and highly specialized facility, shown in this photograph. 
On the edge of Rogers Dry Lake, it takes advantage of the 75-square- 
mile flat surface as an ideal testing ground for research aircraft. 
Four hundred and sixteen staff members are c urrently concentrating 
most of their efforts on the flight evaluation of the X-15. A limited 
number of flights have already been conducted by the contractor’s 
flight crew. It is anticipated that center personnel will shortly begin 
the flight research program wherein the pilot will be propelled sub- 
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stantially above the earth’s atmosphere and experience the character- 
istics of space flight for a duration of a few minutes. The coming year 
should be one of high interest in this project if the program goes as 
expected. 

SPACE FLIGHT CENTERS 


In the space flight side of the program there are three major 
research and development centers at work and three locations in which 
we have varying levels of investment for purposes of launching space 
vehicles. As I have already indicated, we have divided the work into 
two categories—launch vehicle development and operations on the one 
hand, and spacecraft development and operations on the other. 

Two centers are primarily engaged in spacecraft development and, 
again, a functional division in the work has provided to the Goddard 
Space Flight Center the primary responsibility for those projects con- 
cerned with earth orbiting craft both in their development and opera- 
tion as well as supporting research and test as necessary for the 
mission. It is at this center that the VANGUARD team served asa 
nucleus for a staff which is projected to grow until it numbers 2,000 
with the proposed fiscal year 1961 budget authorization. The staff 
is currently housed in several different locations in the Washington 
area and at the Langley Research Center. However, the badly needed 
space research facilities for this center are under construction at 
Greenbelt, Md., and the first of these will become available for bene- 
ficial occupancy by the middle of this summer. The satellite and 
sounding rocket program, the manned space flight program, and the 
application of space vehicles, including passive communications and 
meteorology, are the major program elements of this center. 

Mr. Evins. Do you have any pictures of Goddard ? 

Mr. Horner. No, sir; not with usat thistime. It is currently under 
construction. 

The responsibility for the other major area of spacecraft develop- 
ment is assigned to the Jet Propulsion Laboratory at Pasadena, Calif. 
Tt is the exploration of deep space, including the lunar and interplan- 
etary flights. This Laboratory is employed in our program through 
the medium of a contract with the California Institute of Technology. 
The staff at the present time totals approximately 2,700 people, includ- 
ing several hundred currently engaged in the systems engineering of 
an Army weapon, the SERGEANT ballistic missile. As the activity 
on this weapons system is phased out, we expect some decrease in the 
total staff size, but our present plans indicate that a stable requirement 
will persist for about 2,400 people. An aerial view of the facilities 
which the Laboratory occupies in the foothills of the Sierra Madre is 
shown, 

The launch vehicle development and operation task is assigned to 
the NASA Huntsville facility. I know you are all aware that the 
decision to transfer this facility to NASA was taken recently, and 
implicit approval of the plan to carry out this decision is about to be 
granted by the Congress. 
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JET PROPULSION LABORATORY 


Mr. Tuomas. What is the dollar cost this year as compared to last 
year 
. Mr. Horner. Of the Huntsville facilities? 

Mr. Tuomas. Of the Jet Propulsion Laboratory. 

Mr. Horner. You are referring to the total program cost, Mr. 
Chairman ¢ 

Mr. Tuomas. No, I am referring to your salaries and expenses. 
You receive an appropriation for your construction there but what 
about your salaries and expenses? Where is that table? I cannot 
put my hands on it. You have a very good table for all of the rest of 
them but I cannot find this one. 

Mr. Horner. The reason that one is different, Mr. Chairman, is 
because we pay that by contract out of the research and development 
account and it is not paid for out of the salaries and expenses account. 
We are actually supporting that Laboratory with the research and 
development program. The salaries as such are not broken out in 
that same item. 

Mr. Osterrac. Is it identifiable? 

Mr. Tuomas. Do you have a breakdown of what you spent on that 
Laboratory with the exception of your construction cost which is ap- 
propriated directly ? 

Mr. Horner. We do not have it in this program but we will be glad 
to provide it to you. It is not in this statement. 

Mr. Tuomas. That does not do us very much good now, does it? 
Can you give us a figure on it? 

Mr. Horner. Yes, sir. The average employment at the Laboratory 
during the next fiscal year will be very close to 2,400 people. This 
is at an average salary, as I recall, of around $8,000. 

Mr. Tuomas. What were your cost figures in 1959 before you took 
it over from the Air Force, and what are they in 1960 and 1961? 

We would like to have a comparison of it. I cannot find it in your 
justifications. 

Do you have that information available? 

Dr. SriverstEtn. I can give you some round numbers, but I think 
the personnel in 1959 at about the time we took it over was around 
2,400 people. There are currently about 2,700 people aboard, and I 
think for the budget we have here in fiscal year 1961 the estimate for 
salaries and related costs is around $20 million. About $16 million 
is included for supplies, materials, and equipment and for other items 
in support of the Laboratory. In addition the Laboratory will moni- 
tor around $27 million in program contract funds during 1961 which 
will bring their total funding up to a figure of around $63 million. 

Mr. Tuomas. Give us a total on it. Certainly, that should not be 
left out of your justifications in the first place. However, give us a 
table showing 1959, 1960, and 1961 for your salaries and other objects. 

Your construction money is set out separately so we can get a view 
of that, but I want to compare your operations with what the Army 


did. I think we have a picture of that under the Huntsville opera- 
tions. 
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(The information requested is on page 359.) 

Mr. THomas. You may proceed. 

Mr. Horner. It provides, as I have already noted, for a transfer 
of 5,500 people under the leadership of Dr. von Braun. The develop- 
ment facilities which will also be transferred had an original invest- 
ment cost of approximately $100 million. The major project activity 
of the group at the present time is, and for some time will be, the de- 
velopment of the SATURN booster and the integration of the upper 
stages. There are also numerous other activities at this center, in- 
cluding work on several Army missile systems, which will be carried 
on in accordance with the agreements we have made with the Depart- 
ment of Defense. 

ATLANTIC MISSILE RANGE 


As I have stated, the responsibility for launch vehicle operation as 
well as development comes under the Von Braun group. For this 
purpose a missile firing laboratory is maintained at the Atlantic Mis- 
sile Range at Cape Canaveral, Fla., which will supervise all NASA 
vehicle launchings from that site and will actually carry out the 
launching of vehicles developed at Huntsville. 


PACIFIC MISSILE RANGE 


In the time period pertinent to this appropriation request, we will 
also have some space flight operations from the Pacific Missile Range. 
We plan to launch from this location all spacecraft which require 
polar orbits. Although the launch operations will be carried out 
largely by contract, a ‘small group of NASA technical and adminis- 
strative liaison people will be located at the site. 


WALLOPS ISLAND STATION 


At Wallops Island, off the Virginia coast, we have a small launch- 
ing service organization which conducts the numerous launc hings of 
our sounding rocket program and the solid propellant orbital vehicle 
which we will bring into service during the current calendar year. A 
staff of 300 people ‘operates a facility valued at $18 million which is 
shown in this aerial photograph. The work is largely in response to 
the needs of the sounding rocket and satellite program. 


WESTERN OPERATIONS OFFICE 


To round out the organizational picture, is the western operations 
office. This office is established in Santa Monica, Calif., with a staff 
of about 40 people. Its function is to perform liaison with the many 
development contractors engaged in our program and to carry cut 
contract administration as required. The existence of this office 
greatly reduces the requirement for travel to this area by personnel of 
the headquarters and various other centers. 


CONSTRUCTION 


To supplement this summary view of our current facilities, I would 
like to comment briefly on the request before you for new construction. 
The next chart shows a summary of our program requirements for 
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the next fiscal year. The total request is for $122,787,000. These 
funds will be used to create new facilities for the accommodation of 
the changing research and development requirements. It is the mini- 
mum essential investment to provide the pressing needs for our essen- 
tial inhouse project activity as well as labor atory and test facilities 
for the supporting research so essential as the foundation for our en- 
tire program. Although the National Aeronautics and Space Ad- 
ministration inherited a substantial complex of excellent facilities 
at the existing NACA laboratories, the space exploration program de- 
mands a continuing investment to modernize and convert existing 
facilities as the requirements evolve and construct entirely new fa- 
cilities where new technical disciplines in research or testing must 
be covered. 
PROVISION FOR FACILITIES 


Of the current request, about 15 percent is for provision of facilities 
at our research centers to make possible the continuing supporting 
research program. The balance of the facilities requested are directly 
in support of 7 ace exper imentation, most of it at the three space flight 

centers and the Cape Canaveral launch site. 


INVENTORY LEVEL 


Mr. THomas. What is your inventory at your three stations now ? 
You might include the JPL Center, because in the final an: ilysis you 
will pay for that too, but confine your remarks to Langley, Ames, and 
Lewis? 

What is your inventory there of expendable supplies for research ? 
Do you have that figure available? 

Mr. Horner. No, sir. 

Mr. Utmer. Around $3 to $4 million, mostly for stockroom supplies. 

Mr. Tuomas. Do you intend to build that inventory up in 1961 ? 

Mr. Horner. There will be an increase because of the Huntsville 
facility. You do not include that particular facility in your question. 

Mr. Tuomas. No; 1 confined it to those three. You say it is $3 mil- 
lion or $4 million ? 

Mr. Utmex. I think it is closer to $3 million, sir. 

Mr. Tuomas. What do you intend that figure to be in 1961 ? 

Mr. Unmer. About $3 million plus the inventory we will acquire 
from the Huntsville activity. 

Mr. Tomas. What is your inventory at Huntsville and what do 
you intend to build it up to in 1961? What is your take-over inven- 
tory—not buildings and warehouses—but your expendable supplies ¢ 

Dr. Drypen. There is $18 million to be divided between NASA and 
the Army. 

Mr. Tomas. At Huntsville? 

Dr. Dryven. Yes. 

Mr. Horner. The Huntsville activity is in one aspect an industrial- 
type activity which leads toa different inventor y. 

Mr. Tromas. On what percentage will you divide with the Army ? 

Mr. Sterert. Mr. Chairman, no percentage has been agreed upon. 
The only thing that the Army and NASA could reach agreement on 
is to go over with task force and give ¢ ategories of supplies on an 
arrangement in which the Army will retain all supplies which are 
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peculiar to their missile systems and we will share common use items 
that both NASA and the Army can use together. 

The figure of $18 million was an initial figure they had which in- 
cluded a large amount of obsolete materials. They are trying to get 
a better and more realistic inventory figure than the one that we gave. 

Mr. Osterrac. You are speaking now about equipment and inven- 
tory generally ; is that true? 

Mr. Srepert. I am speaking of the amount which the Army record 
shows as in the sists of the T.M. & E. organization—that is the 
Technical Materials and Equipment organization—which is their 
main stock inventory organization. It does not include the cost of 
issued equipment which is in use at the laboratories. 

Mr. Osrertac. But, these inventories do not embrace physical plant 
facilities of any kind? 

Mr. Sievert. No, sir. Those were in the $100 million figure that 
Mr. Horner mentioned. 


NASA PLANT INVESTMENT 


Mr. Ostertac. Do we have any estimate as to the overall fiscal value 
of NASA properties ? 

Mr. Utmer. The total is about $450 million to $500 million. 

Mr. Evins. That would be about $500 million / 

Mr. Ostrertac. About $500 million ? 

Mr. Umer. Yes, sir. 

Mr. Osrertac. That is exclusive of any program which is in the 
making ? 

Mr. Utmer. Correct, sir. 

Mr. Tuomas. You may proceed, Mr. Horner. 


COORDINATION OF SPACE PROGRAM WITH DOD 


Mr. Horner. Mr. Chairman, I would like to turn now for just a 
brief period to another subject which has been of extreme importance 
to us and has occupied a great deal of our attention. This is the 
matter of our program coordination with the space efforts of the 
Department of Delain, I want to emphasize, first, that we have an 
excellent relationship with the military departments and the Office 
of the Secretary of Defense. Program correlation and project co- 
ordination are thorough and compatible with our needs, as I believe 
they are with the needs of the Department of Defense. I have had 
a chart prepared which I think illustrates the coordination as it cur- 
rently exists. A few facts stand out. Space exploration is the respon- 
sibility of NASA. Military applications are the responsibility of the 
Department of Defense. Civil applications are the responsibility 
of NASA. There are some applications which are of interest to both 
military and civil needs. The underlying research and technical de- 
velopment is largely useful in both programs and common use can be 
made of launch vehicles. Therefore, in the areas of certain applica- 
tions—launch vehicle development, and background research and de- 
velopment—careful coordination is required to assure that full value 
accrues in joint utilization of either agency’s products. The chart 
shows examples of these coordinating devices. Again, I repeat, they 
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are working well. When undesirable duplication is identified, it is 
eliminated and there is tremendous payoff in the programs of each 
for the benefit of the other. 

Mr. Tuomas. Be specific. What have you eliminated from your 
program because it was being duplicated in the armed services and 
vice versa? What have the armed services eliminated by virtue of 
the fact that you were engaged in it? 

Mr. Horner. Perhaps more important, Mr. Chairman, are the 
things that we have not initiated because of the presence of the other 
program, and this is true on both sides. However, there have been 
some cases where projects have actually been started and then term- 
inated on our side. 

Mr. Tuomas. You gave up the VEGA project of about $42 million, 
for one. 

Mr. Horner. Yes, sir; I was just going to mention it. 

Mr. Tuomas. What becomes of that $49 million which you had al- 
located to that project ? 

Mr. Horner. The $42 million, sir, is not directly applicable to 
VEGA as a vehicle. This was a lunar exploration program and the 
VEGA vehicle was being used in this program. A part of the money 
was, of course, nonrecoverable from the VEGA development. Most 
of the balance of the money is continued in application toward the 
development of spacecraft which will be used now on the ATLAS 
AGENA out of the Defense Department development program. 
There are other examples. 

We are doing, for example, meteorological development effort and 
the Department of Defense is doing navigation. We are doing pas- 
sive communications and the Department of Defense is doing active 
communications. We both have a continuing and important interest 
in all of these projects. We will safeguard our interest from the 
civil 

Mr. Tuomas. What do you mean by “passive communications” ? 
Do you mean strengthening your radio and radars? 

Mr. Horner. No, sir. This is the use of a space orbital vehicle in 
a long-range communications mode by using a reflector in orbit rather 
than using electrically active gear in orbit. 

Mr. Txomas. You have some money under research and develop- 
ment for strengthening and coding your signals. 

What is the Air Force and Army doing in that field ? 

Mr. Horner. In that particular account that you are speaking of, 
Mr. Chairman, are radio devices which we use to transmit recorded 
data from space vehicles. We have a little different requirement than 
the Department of Defense in that respect because all of their vehicles 
are on near-earth orbits. 

As Dr. Dryden discussed in some detail this morning, PIONEER V 
has now passed beyond the distance where any such radio signal has 
been received before. We need further development of such radio 
devices in order that we may communicate with space vehicles in 
what we call deep space. 

Mr. Tuomas. The Army does not communicate with this ballistic 
missile; does it? 

Mr. Horner. Of course, the ballistic missile program is not the 
only space program in the Department of Defense. There are other 
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space programs in the Department of Defense where there is actual 
-arth-to-satellite communication in the sense of transmittal of data. 
Mr. Tuomas. That is getting into the field of NASA; is it not? 
Mr. Horner. No, sir. For example, the reconnaissance effort in 
the Department of Defense has a ver ‘y real requirement for communi- 
cation of data from the satellite to the earth. That is certainly a 
aiidany application and of direct use to the Department itself. 


TRANSFER OF FUNDS 


Mr. Ostrerrac. I wonder with regard to this whole problem that 
you are discussing in response to the chairman if there is any transfer 
authority of funds as between NASA and the Department of Defense 4 

Mr. Horner. We do use the—— 

Mr. Osrerrac. Based on projects ? 

Mr. Horner. We do use the project management and the project 
implementation capability of organizations back and forth. For ex- 
ample, we are responsible for carrying out the development of CEN- 
TAUR as being a vehicle of use to our program, 

Mr. Osrertac. Are you using your money / 

Mr. Horner. We will use our money but we are using the Depart- 
ment. of Defense contract and administrative organization to carry 
out the program for us. So, our money is going on a project which 
actually in the terms of the individual running the program is a De- 
partment of Defense individual. 

Mr. Osrerrac. But, there is no actual transferability of funds; is 
there ? 

Mr. Horner. Oh, yes. We reimburse the Department of Defense 
for a great deal of hardware and all of our boosters, for example. 

Mr. OsrertaG. That is under a contractual arrangement? But, 
assuming, in line with the chairman’s question, with regard to sud- 
denly finding that something is a military rather than an NASA 
project, and you have money for that particular project are you per 
mitted to transfer your funds ? 

Mr. Horner. The best example of that, of course, Mr. Ostertag, is 
the Project SATURN. The $140 million was originally planned in 
the Department of Defense. When it was determined that they did 
not have an immediate requirement for SATURN, the project was 
transferred and that authority for budgeting was transferred to 
NASA. 

Mr. Osterrac. But, that was a special arrangement, was it not? 

Mr. Horner. In that sense they are all special arrangements. There 
have been several such arrangements. 

Dr. GLENNAN. We do have authority to transfer funds. 

Mr. Tuomas. I am sure Mr. Ostertag’s question was directed 
just what amount of money do you transfer to the Army and Air 
Force in 1961 and what transfers, if any, do they make to you? 

Mr. Horner. I do not think we have had that kind of analysis of 
our program yet, Mr. Thomas, and it would require some study to 
identify all of the sums that we will spend under Department of 
Defense contracting. 

Mr. Tuomas. You are spending.a whale of a lot of money in here 
for your tracking system. 
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Does the Air Force and Army use your tracking system ¢ 

Dr. Drypen. The data is interchanged between the two. ‘they have 
some stations and we have some stations. 

Mr. Tuomas. Is there any transfer of funds? 

Dr. Drypen. Not on tracking; no, sir. In the case of the recovery 
operations for Project MERCURY—operations by the Navy—we 
have to pay the additional cost of running their ships if they have to 
divert ships from their usual activities. We have to pay the extra 
costs. 

Mr. Tuomas. That is usually recovered is it not ? 

Dr. Drypen. Then, we are using military contract administration 
and audit personnel who are already located at the plants of cer- 
tain industrial contractors. We are using their services. 

Now, whether we reimburse them or not depends on whether they 
have to put on more people to do their job, or whether it can be 
added as a workload to the people already there. 

Mr. Tuomas. That is true only at one or two installations; is it 
not ¢ 

Dr. Drypen. No, sir. Take, for instance the MERCURY contract 
with McDonnell. That isa plant under the Navy’s jurisdiction. We 
use local Navy personnel to do the day-to-day contract administra- 
tion. 

Mr. Tuomas. But, you do not have too many instances of that. 
What else do you have? You have your McDonnell contract. 

Dr. Drypen. The Douglas Co., Convair, Aerojet—— 

Mr. Horner. Almost all of our industrial contracting which is the 
large part of our research and development account is placed in 
plants which are under the cognizance of Department of Defense 
contract administration. 

Dr. Drypen. Rather than duplicating another set of administra- 
tors or auditors, we use the people already there. Our act says we 
can use such services with or without reimbursement. 

Mr. Tuomas. Does that mean you are getting away from the De- 
partment of Defense buying a good part of your hardware then? 

Dr. Drypen. We pay for most of it. We have some contracts in 
which we are simply added on to the Defense contract, and others 
which are independent. The McDonnell contract was made inde- 
pendent of the Department of Defense, but we use their people for 
the day-to-day audit. 

Mr. Tuomas. Take the JPL, for instance, in California. Do they 
go out into the procurement field or to the California plant manufac- 
turers‘ Do you use the Air Force, the Navy, and the Army pro- 
curement people at those plants to satisfy the needs of your propul- 
sion laboratory ¢ 

Dr. Drypen. I do not know whether I can answer that offhand. 

Mr. Sievert. To the extent that JPL would use those plants, this 
arrangement would be worked out. But, so far as I know, JPL has 
not actually placed any major contracts with them. 

Dr. Guennan. I think, Mr. Thomas, that the MERCURY project 
would include elements of all this. 

Mr. Tuomas. You canceled your VEGA contract. That was going 


to be handled by your JPL. 
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Dr. Guennan. That is right. In that sense the work was being 
done at Convair, paid for by NASA, but some of the contract man- 
agement at plant level was being done by Air Force people. They 
have the bulk of the work carried on in that plant and there was no 
need of our putting contract-management people into Convair. To 
the extent that we increased the costs of the Air Force in providing us 
that service—that is the incremental cost—we would refund or pay 
for that incremental cost. 


SOURCE-SELECTION BOARDS 


Mr. Tuomas. I notice you have set up some contract committees 
in your own organization. 

How many genera! contractors do you have? 

Mr. Horner. Are you referring to the source-selection boards, Mr, 
Chairman ? 

Mr. Troomas. Yes. 

Mr. Horner. This is quite a different thing. This is the process of 
determining through an evaluation of competitive proposals which 
is the best and thereby selecting the particular industry. 

Mr. Tuomas. Break it down. What articles does that apply to? 
Does it apply purely to construction ? 

Mr. Horner. No; it applies to all R. & D. 

Mr. Tromas. Fabrication ? 

Mr. Horner. It applies to all of our research and development 
procurement where the contract exceeds $1 million. 

Mr. Tromas. How does that fit in with where you have the Air 
Force or Navy handling it ? 

Mr. Horner. We are using their services to administer contracts 
after they have been let. The source-determination committees are 
the process of letting the contracts and determining which industry 
is going to receive a contract. After the contract is placed in indus- 
try, say, at Convair, which is an Air Force plant, then the Air Force 
inspectors in that plant will assure us that we get a proper quality 
control. They will assure us that we get proper contract perform- 
ance. In other words, it is a part of the process of assuring that the 
Government gets its dollar’s worth for each dollar. We use the Air 
Force, the Army, and the Navy contract administration in that sense. 

Mr. Tnomas. They are the inspectors, then ? 

Mr. Horner. Yes, sir. 

Mr. Tuomas. And have nothing to do with your contract ? 

Dr. GLENNAN. The negotiation is carried out by our people. 

Mr. Osrertaa. It ties in closely with your own procurement ; does 
it not ? 

Mr. Horner. In many places it does. 

Mr. Tuomas. They do their own procurement and the Army and 
Navy are their inspectors. 

Mr. Horner. They have a responsibility to us to see that the contract 
specifications are met. 

Mr. Yates. What is the function of the source committees ? 

Mr. Horner. To select the contractor. If we have a development 
project that we want to place with industry, there might be as many 
as 20 or 30 different companies which would like to bid on that par- 
ticular piece of business. The process of selecting which of those 
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companies is best qualified and will best produce the end result is a 
very difficult one. In order to meet that problem we usually have, in 
contracts that promise to be over $1 million, a source-selection com- 
mittee which very thoroughly evaluates the proposals from all of 
these different companies. 

Mr. Botanp. Who comprise these selection committees ? 

Mr. Horner. They are comprised primarily of NASA employees. 
In some cases where specific talents are needed, we might ask the 
Department of Defense to furnish members on these committees. 

Mr. Tuomas. Who are your big contractors for construction ? 

In your supplemental you asked for some construction money and 
research money. About one-third of your money for construction 
involved overruns by your contractors. So, you started off well with 
them, did you not? 


CONTRACT WITH WESTERN ELECTRIC CoO. 


Mr. Horner. I think, perhaps, the largest contractor at the moment 
in construction is the Western Electric contract, which was the over- 
run item to which ycu referred. That is a rather unusual construc- 
tion contract in that it is located all over the world and it is very 
heavily dominated by the equipment requirements. 

Mr. Tuomas. I though those people were in the business of manu- 
facturing elctrical equipment. I did not know they were contractors. 

Mr. Horner. The Western Electric Co. was chosen by a source 
selection board in competition with a number of other companies, 
each of which submitted proposals, and after a very careful evaluation, 
it was decided that Western Electric was best suited to do the job. 

Dr. Drypen. They have a lot of subcontractors, including construc- 
tion subcontractors. 

Mr. Horner. The actual construction is a relatively small part of 
this particular contract. 

Mr. Tuomas. Well, they have been able to miss their guess pretty 
well. 

Are you still satisfied that you got the best one available when they 
are giving you an overrun of 20 percent and 30 per cent on all the 
work you have given them? 

What kind of contract did you give them? Was it a cost-plus, 
fixed-fee contract where the bigger the overrun the more the fee? 

Mr. Horner. No, sir. It is a fixed-fee contract. Exactly what the 
fee is I do not know, but we can provide it. 

Dr. Drypen. I think, perhaps, it might be well to put in the record 
the particular complications in this contract. As mentioned, they are 
located in a great many different countries and all require inter- 
governmental agreements. There is a time schedule on this, and if the 
network is to be in operation by the time we get a man in orbit, it was 
actually not possible for teams of contractors to go into all of these 
countries in advance of bidding. In fact, the final sites could not be 
selected until there was negotiation with the foreign governments. 

Mr. Yates. Do you do any competitive bidding on contracts of this 


kind ? 


Dr. Dryven. It is a competitive proposal or a competitive negotia- 
tion. 
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Mr. Yates. What does this mean in contrast to competitive bid- 
ding ? 

Mr. Horner. It means several different companies had an oppor- 
tunity to submit proposals in answer to a work statement that was 
provided by the NASA. 

The problem of this particular contract was, in this particular stage 
of development, we did not yet have access to most of the sites in- 
volved. It was very difficult to make an estimate as to what the costs 
wer going to be, and the development was in such a stage that we had 
to have some changes in the scope of the contract. This reflects also 
in an overrun. 

Mr. Tuomas. You are generally criticized in your contracting activ- 
ities by the old hard- nosed contractors who have forgotten more than 
you or the rest of us will ever know in that business. It is very 
difficult for them to be exactly fair and honest with you. If they 
give you a reasonable cost estimate and it looks a little bit high, you 
will give it to somebody who perhaps does not know the complete facts 
as well in that particular line, and they will come in with a lower 
figure, but when the bill is ready to be paid, it will come back in the 
form of an overrun which is just what you are doing now. 

Dr. Gitennan. I was simply going to say to the chairman that 
strangely enough the particular contract over which I got into a 
WI angle with the legislative committee was one in which I think the 
bid accepted was ninth from the lowest. It was not the lowest bid. 

There are just dozens of factors that are taken into account as one 
attempts to determine which organization gives the best promise of 
fulfilling the specifications which you up to that time have been 
able to give them. 

Mr. Yares. I do not see anything of a competitive nature in your 
competitive proposals. It is the usual negotiation that goes on. 

Dr. GLENNAN. It is competitive before you get to the point of 
negotiation. 

Mr. Yates. You put out a certain specification ? 

Dr. GLENNAN. Yes, sir. 

Mr. Yates. And, you submit it to a number of companies? 

Dr. GLENNAN. Yes, sir. 

Mr. Yares. And, the companies come in and tell you “This is what 
it will cost” and “This is what we will perform the services for” ? 

Dr. GLENNAN. No; they tell us a great many things. They say, 
“We are going to put this crew of men on it,” and they give us the 
information on each man, including his education and experience, and 
that gives us some idea of the manner in which they expect to go about 
doing the job. They give us an idea of what they think the schedule 
ought to be. They give us an idea of what they think the cost ought 
to be. We take all of those elements and fit them into the mosaic 
and attempt to come up with an evaluation. How do they handle 
their labor, what kind of management have they shown, and what has 
their performance been in the past ? Can they keep their schedules? 
Are they a company which has come in consistently with a very low 
price initially, and then do we find ourselves paying four times that 
price? In other words, have they attempted to buy their way into 
the business? All of these elements are put into a mosaic. 


ee a 


227 


BASIS FOR COMPETITIVE BIDS 


Mr. Yates. Are you saying there is no basis for competitive bid- 
ding because of the nature of the contracts ¢ 

Mr. Utmer. The key difference is the detail we are able to provide 
im our specifications. If we build a standard building at one of our 
centers, we lay out everything we want, we know exactly what we 
are going to buy, we can put the job out on competitive bid, and per- 
haps 20 companies will submit bids. Then we will take the lowest 
bid. 

In the type of contract Dr. Glennan is talking about, which involves 
the development of equipment that we are unable to specify in detail, 
we cannot get a competitive bid type of contract. We have to go to 
the type of procedure that Dr. Glennan mentioned where we investi- 
gate the capability of the company to work under a performance type 
of specification. 

Mr. Yates. The answer to my question is yes; that the nature of 
these contracts is such that you could not submit them for competitive 
bidding ? 

Mr. Hlorner. That is right. 

Dr. Drypven. The key to it is the technical planning and under- 
standing shown by the subcontractors. For example, there is Project 
Mercury. We say “We must have communication with a man 10 min- 
utes out of every 15 minutes.” As a part of his proposal, the con- 
tractor tells what radio equipment he plans to meet this technical 
need; we have a technical team which would make some judgment 
as to whether in fact each of the equipments proposed will perform 
as indicated. 

Mr. Yares. Your contract compels the prospective contractor to 
come up with the idea? You are looking for ideas i in this program ? 

Dr. Drypen. Yes, sir; he has an overall performance specification 
and he has the planning as to how to meet this specification. 

Mr. Osrerrac. In other words, there are certain unknowns which 
you cannot specify ? 

Dr. Dryven. That is right. There is usually a technical team and a 
business administrative team. The technical team decides before any 
proposals are in what factors they are going to consider and what they 
think are the important elements in this and what are the relative rat- 
ings of these items. The administrative team does the same. Some- 
times there are as many as 30 or 40 people involved in this. They do 
a rating job on a scale of 100 percent. 

Mr. Yates. Why do you not split the contract into a development 
contract and the actual construction contract itself? 

Dr. Drypen. The idea is, we hope, to fly a man in orbit as early as 
possible in 1961, and we cannot do it unless all these ground facilities 
are furnished by that time. 


RUSH PROGRAM VERSUS CRASH PROGRAM 


Mr. Yates. Are you saying you are engaged in a crash program ? 

Dr. Dryven. It is a highly urgent, highest national priority pro- 
gram, yes, but not a crash program. 

Mr. Yates. Off the record. 
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(Discussion off the record.) 

Mr. Yares. I do not quite understand the difference you speak about 
between a highly urgent program and a crash program. 

Dr. Dryven. In.a crash program you can afford to do things two or 
three times to be sure that one of them works. We are trying to do it 
one way as safe as we can and as urgently as possible to meet a time 
scale. 

Dr. Grennan. A crash program almost by definition means that 
you are wasting one-half the money you put out. 

Mr. Yates. And that is not true here? 

Dr. Grennan. No, sir. Take, for instance, the first missile pro- 
gram 

Mr. Yares. If you split the entire contract into a development con- 
tract and a construction contract, you might get the entire contract 
cheaper, might you not ? 

Dr. GLeENNAN. We are going only one way on a capsule. We are 
not building three different kinds of capsules hoping that one of 
them will turn out to be better than the others. We have decided 
on the basis, of good, sound engineering and judgment that this is the 
kind of capsule we want. It is the only one we are building at pres- 
ent. There have been many engineering changes, of course. That 
it why that contract has gone up somewhat in price, but these are 
changes which we required. 

Mr. Ostrertrac. Mr. Horner, going back to this question of con- 
tracts, I assume that many of your contracts involve equipment and 
involve items for which the military has contracts. In connection 
with that do you contract with the military for such equipment and 
they make it a part of their contract or do they add your contract to 
theirs and you get the same price? 

There is an area there of operation, but I do not know to what ex- 
tent. Could you define that for us? 

Mr. Horner. In almost all cases we transfer the funds to the mil- 
itary and they amplify their contract to the extent necessary to pro- 
duce the items for us on the schedule that we ask. There are some 
case in which there are minor incompatible schedulings and then we 
sit down together and adjust schedules so that we have a reasonable 
production schedule at the industrial plant involved. In almost all 
these they do the contracting where it is a military item, 

Mr. Osrerrac. In those cases the military enters into contract ne- 
gotiations and establishes a price and you accept it on that basis; 
is that right ? 

Mr. Horner. We pay usually at the going military price. 

Dr. Drypen. For standard hardware, that is. 

Mr. Horner. I would like now to conclude my remarks by a brief 
reference to my last chart, which will serve as an introduction to the 
remaining witnesses. This chart shows our fiscal year 1961 require- 
ments of $621,453,000 for research and development. General Os- 
trander will outline for you programs related to vehicle system de- 
velopment. and space propulsion technology. Dr. Silverstein’s re- 
marks will cover space science and exploration, satellite applications, 
manned space flight, and tracking and data acquisition. Mr. Abbott 
will discuss the many related efforts at our research centers. Fol- 
lowing them there will be amplifying reports by Dr. Pickering, Di- 
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rector of Jet Propulsion Laboratory, Dr. von Braun, Director of the 
Huntsville facility, and Mr. Harry Goett, Director of the Goddard 
Space Flight Center. 

Mr. Tuomas. Who is next? Is Dr. Silverstein next? 

Mr. Horner. General Ostrander. 


STATEMENT OF Drrecror, Orrice or LAuNcH VEHICLE ProgRaAMs 


General Ostranper. Mr. Chairman, as Mr. Horner told you, I 
would like to discuss our launch vehicle program, for which I am 
responsible and which is the area of our operations, which Dr. 
Glennan mentioned this morning where we most need to catch up 
with the Russians. 

This program includes not only the vehicles themselves but also 
a program of advanced technology which helps us to support 

Mr. Tuomas. Let us define your activities. We have our fingers 
crossed on you to start with. 

Are you going to tell Dr. von Braun how to run his business? 
Are you a scientist? Let us get your background and experience 
in the record. 

General Ostranper. All right, sir; let me give you my background 
and I will let you judge for yourself. 

Mr. Tuomas. That is very good. 

General Ostranper. I graduated from the Military Academy in 
1937 and I spent most of the war years as an ordnance officer on duty 
with the Army Air Force. 

After the war I transferred to Air Force. I have spent the time 
since 1947 in the Air Force R. & D. business. I started out at Wright- 
Patterson Air Force Base in the old Armament Laboratory, where I 
first got connected with the rocket business and the guidance and 
control business. I then moved out to command Holloman Air Force 
Base, which is the Air Force installation at White Sands Proving 
Ground. 

I moved from there to headquarters of the Air Research and De- 
velopment Command where, among other things, I had staff super- 
vision of the Force missile development program. I left there in 
1958, went to NATO where I was charged with getting some guided- 
missile production set up in the NATO countries. Following that 
I was returned for a short time to the Advanced Research Projects 
Agency and as of last December was transferred to Dr. Glennan’s 
organization. 

Mr. Tromas. Your work, then, is that of a businessman? You 
do not claim to be a scientist, do you? 

General Ostranper. I am not a scientist; no, sir. 

Mr. Thomas. Are you a technical man? 

General Osrranper. I would say a technical man only by back- 
ground and experience. 

Mr. Tuomas. Do you have any engineering degrees? 

General Osrranpver. Only the degree from the Military Academy; 
no graduate work. 

Mr. Tuomas. You are doing a businessman’s job ? 

General Ostranper. Essentially ; yes, sir. 

Mr. Tuomas. What business experience have you had outside of 
your military service? 
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General Osrranprr. None whatsoever. 

Mr. Tuomas, And you are responsible for spending $215 million? 

General Ostranper. Yes, sir. 

Mr. Tuomas. Go ahead. 

General Osrranper. This program, as I say, includes both the 
vehicles themselves and the advance technology work which helps us 
support development of these vehicles and of future vehicles which 
are beyond what we can describe in definite form at this time. I 
would like to make, Mr. Chairman, just a couple of general observa- 
tions before I get into the detailed description of the program. 

These, I think, are pertinent to the way that we conduct our busi- 
ness and determine to a large degree the level of funds that we are 
going to need. First of all, as you well know, a rocket launch vehicle 
is an exceedingly complex vehicle. It has literally hundreds of com- 
ponents that have to function together in order to assure success, and 
it demands a degree of engineering refinement which you simply do 
not find in ordinary engineering practices. 

After we have launched one of these vehicles there is neither the 
time nor the opportunity to make the minor adjustments that are usu- 
ally possible on ground-based systems, yet the cost of failure in terms 
of time, of money, and of prestige is so great that. we have to achieve 
the highest possible reliability. 


NATIONAL BOOSTER VEHICLE PROGRAM 


To »chieve this level of reliability, and yet to try to keep the total 
cost of our program at something that is in earthly rather than 
astronomical figures, we have developed, with the cooperation of the 
Department of Defense, the so-called national booster vehicle pro- 
gram. This, I believe, has been previously presented to you. This 
program, as Dr. Dryden mentioned this morning, i deliberately 
designed to include the least number of vehicles which will do all 
of our presently programed jobs in space. Each one of these ve- 
hicles may not be necessarily optimum for each of the missions that 
it performs but we feel that the added reliability we will get by firing 
these vehicles over and over again, and the development costs that 
we will save, will more than offset the fact that they may not be 
precisely perfect for every job that we want to do. 

I would like to, now, with your permission, review briefly each 
one of the vehicles in our program, after which I will touch on our 
advanced technology program. 

I think that most of these vehicles were presented to you last year. 
IT would like to simply refresh your memory and bring you up to 
date on their development status. 

This first chart, the chart on your left, shows all of the vehicles 
currently in our development program. Some of these vehicles are 
interim only and will be phased out as we get better vehicles de- 
veloped. The earliest available ones, the ones shown in red, are those 
which were mentioned this morning which were, generally speaking, 
put together out of components of either our military missile pro- 
grams or the VANGUARD IGY program. 

As times goes on, they will be phased out of the program and the 
remaining vehicles, the ones shown in blue, will continue on and 
will constitute the national booster vehicle program that I mentioned. 
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SCOUT VEHICLE 


Starting, then, first with the vehicle next to the end, the SCOUT 
shown on this chart is a four-stage solid-propellant vehicle. I think 
its chief advantage over the rest of the vehicles in our system is its 
low cost. This vehicle should cost, complete, possibly as low as 
$500,000. The SCOUT development was initiated in 1958 and our 
first launching of the SCOUT is scheduled for 1960. Each one of 
the stages of this vehicle has been fired, the guidance system has been 
assembled, and the assembly of the entire system will begin very 
shortly. 

The vehicle, as you notice, will give us something in the order of 
200 pounds in a 300-nautical-mile orbit. We can also use it as a 
vertical probe. 

We intend to use this as sort of the workhorse vehicle of our fleet. 
We will use it for testing of all sorts of components in near space and 
we can also use it in the upper atmosphere for the evaluation of such 
things as reentry bodies. The Air Force, incidentally, will also use 
various configurations of this vehicle in some of their test programs. 

Mr. Yates. May I interrupt and ask a question please? Are any 
of these vehicles usable for ICBM military purposes ? 

General OsrraNDER. You will notice the first stage of many of them 
actually are ICBM’s. ‘They actually use the ATLAS ICBM and, in 
some cases, the THOR IRBM as the first stage. Generally speaking, 
for our purposes we have to put another stage on top to do the job 
that we need. 

Mr. Osrertrac. Other than the THOR and ATLAS, they are all 
your development rather than the military ? 

Dr. Drypen. No, actually these rockets have mostly a military his- 
tory. The AGENA B is an early version of the DISCOVERER, one 
of the early test vehicles in the DISCOVERER program utilized this 
AGENA. The DISCOVERER has gone beyond this quite a ways. 

Mr. Osrerrac. How about the JUPITER? 

Dr. Drypen. That isin JUNO Il. JUPITERS will be exhausted 
in another five shots, as I recall. 

Mr. Ostertac. How about the MINUTEMAN? Is that involved 
in your picture ¢ 

Dr. Drypen. Not yet. 

General OstRaNnDER. There is a possibility it might prove later on 
we can use some of the MINUTEMAN’s stages as successors to the 
SCOUT stages. 

Mr. Tuomas. Somebody ought to explain for the record just what 
is in one of these tubes. It is not one unit of power. There may be 
6 or 8 or 10 in it. Somebody ought to explain that in understandable 
language. Can you do that, General ? 

General OsrRANDER. I am sorry. 


ATLAS VEHICLE 


Mr. THomas. What about your powerplant in your ATLAS ma- 
chine? Explain it. 

General OstranveER. In the case of the ATLAS, this consists of three 
liquid propellant engines with a total thrust of 365,000 pounds. 











232 


Mr. Tuomas. Three engines and you eannot fix it up where you can 
put a couple of boosters on top of that ? 

General Osraanper. Yes, sir, you can. 

Mr. Osrerrac. Is there a difference between ATLAS and ATLAS- 
ABLE? 

General Ostrranper. In the case of ATLAS they have three 
engines, two of which drop off after it is in flight, leaving a sustaining 
engine. Qn top of the ATLAS we put a stage or stages such as the 
AGENA-B to increase the velocity of the payload after we get into 
space. 

Dr. Drypen. We are using ATLAS as it is in Project MERCURY, 
It was used for putting a military communications satellite in orbit. 

Dr. Grennan. I have a model that I would like to bring up to- 
morrow that really shows you how we use the ATLAS with upper 
stages in its var ious configurations. 

Mr. Tuomas. One unit will carry to a certain height and then you 
will pick up another unit and then you will use part of your whole 
configuration and then the other part will go on with separate units? 

General Osrranper. That is right. 

Dr. Strverstern. Let me give an illustration. 

Mr. Tuomas. It isa complicated mechanism. 


THOR-—ABLE VEHICLE 


Dr. Stiverstrern. I will give you an illustration of the flight we 
made on the 11th. This was what we call a THOR-ABLE vehicle, 
three stages. The first stage was the THOR IRBM., the intermediate- 
range ballistic missile, and this imparted to the whole system a veloc- 
ity of around 15,000 feet a second. At that point the THOR burned 
out, no more fuel, and it separated and the rest was going at 15,000 
feet a second. After separation, after a slight pause, we turned the 
second stage on, which had the same second Stage we used in the 
VANGUARD. 

This has an engine at about 7.500 pounds thrust, and it was carry- 
ing the rest of the package. It burned for 60 seconds, at which time 
the whole package then was going 25,000 feet a second and then it 
burned out. It burned fuel and oxygen up and so we dropped it off. 
It was dead, essentially. We separated the top stage, a solid rocket, 
that has about 3,500 pounds of thrust. This started to burn a few 
seconds after separation and it put 11,000 feet per second—— 

Mr. Tomas. At what altitude were you then ? 

Dr. Strverstetn. About 250,000 feet. 

Mr. THomas. You were out of the Earth’s atmosphere ? 

Dr. Sruverstern. Yes. About that time, when we separated the 
third stage, we shed the cover off of the payload. We covered up 
when it was going through the atmosphere to keep it from overheat- 
ing. Then when we dropped this cover, we had the solid rocket, 
the top stage with 3.500 pounds of thrust and the payload left. This 
started to burn. Tt burned for 35 seconds and brought the final 
velocitv then of that package up to some 36,000 feet a second. 

Mr. Osrertrac. What causes that cover to come off ? 

Dr. Stiverstern. It isexploded off. 

Mr. Ostertac. Automatic ? 
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Dr. Sttverste1n. As soon as you separate after a timing interval, 
it explodes. 

Mr. Tuomas. How high do you get before you get out of the field 
of gravity ¢ 

Dr. Sirversrern. Actually, you enter into the field of gravity of 
the Sun instead of that of the Earth. Gradu: uly the Earth’s field 
drops out and the Sun picks up. You cannot pick a particular point. 
I would say it is past the Moon where the Sun begins to pull it in. 

Mr. Tuomas. That is a little ahead of Baltimore, then, is it not? 

Dr. SULVERSTEIN. Yes. Finally, we have this payload going at 
36,000 feet a second which is about the veloc ity to cause it to move 
into the influence of the Sun’s gravitational field. All of these 
vehicles move about the same way, the multistage vehicles. Most of 
these are three-stage vehicles, with the exception of the AGENA 
stages which currently are two-stage. 

Mr. Tuomas. How high up do you have to go before the power 
and speed at which you reach that point is sustained, with a slight 
diminution in the electromagnetic field 4 

Dr. Smnversrern. For ex: imple, if we are putting a body into orbit 
around the Earth, a satellite, what. we do is to give it enough velocity 
so that the centrifugal force on this body is just equal to the Earth’s 
gravitational pull pulling it back in and then it simply stays up 
there. Now, there is a smal]—— 

Mr. Trromas. At what speed ? 

Dr. Sitversrern. At 25,000 feet per second, say, 18,000 miles an 
hour it will reach that condition. 

Mr. Tromas. It will remain in that same speed, then ? 

Dr. Strversretn. At the same speed it will keep circling the Earth. 
If you want to go outside of the Earth’s field, then you have to give 
it a higher veloc ity of around 25,000 miles per hour to get it to go 
into the field of the Sun, the gravitational field of the Sun. 

Mr. Tuomas. We have four or five boosters. In which one of the 
classifications do the Russians have the largest thrust? They do not 
use a single booster to go the whole distance, do they? They will use 
two or three boosters, too, will they not ? 

Dr. Stiverstetn. I do not know their exact booster configuration 
but we expect they would have to. I know of no booster you could 
get satellite velocities with in one stage. I do not know any way 
of doing it. 

Mr. OstertaG. They must have more than one stage? 

Dr. Strverstern. There is evidence they do. 

Mr. Tuomas. They apparently have one booster that is three or 
four times as powerful as our biggest booster. As far as having 
innumerable boosters, do we have any information as to whether or 
not we are on a parity with them, or we could excel them in quantity ? 
Could we not? 

General Osrranper. There has been a good deal of indication that 
many of their shots have been done with this one type booster. What 
they have beyond this, I don’t know. 

Mr. Tuomas. But not to great heights ? 

General OstrRANvER. By that I meant one type of first stage. 

Mr. OsrertacG. Is that power all in the first stage? 

General OsvRANDER. No, sir. 
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Mr. Yates. Do they excel us in development of powerful rocket 
fuel ? 

General Ostranper. I donot think so—only in pure size. 

Dr. GLENNAN. You rate the launch vehicle on the thrust of the first 
stage. When we talk about the A’ ~ LAS- ABLE, we are talking about 
a first stage of about 360,000 or 365,000 pounds of thrust. The best 
estimates of the intelligence commanity is that the Russian first stage 
thrust is in the 600,000- to 800,000- pound range. In other words, 
double the thrust that we have at the present. 

Mr. Osrertac. Is the SATURN expected to equal their capabilities? 

General Osrranver. Their capability as to first stage thrust would 
lie somewhere, presumably, in here [pointing to chart]. In other 
words, we are using basically ICBM first stage boosters for all of the 
vehicles up until here; theirs presumably lie somewhere in the 600,000- 
to 800,000-pound thrust class. The SATURN will have a first stage 
of 1,500,000 pounds thrust. 

Mr. Tiriomas. Excusing the first stage, which is quite a little gap, no 
doubt, but on the other stages, do we have any information as to how 
we compare with Russia ? 

General Osrranver. I have no information. 

Mr. Tuomas. What about you, Dr. Silverstein ? 

Dr. Stiverstein. Nothing that I would think would be too authentic. 

Mr. THomas. = certainly do have, with the exception of the first 
big powerful No. 1, what we might say is three or four other types 
of boosters that we « ashi ci pretty good, do we not ? 

Dr. SuLversTEIn. Yes, sir. 

General Ostranper. Upper stages. 


GUIDANCE SYSTEMS 


Mr. Ruopes. I wanted to ask about guidance systems. Apparently 
the Russians have a fairly advanced guid: ance system in either their 
third stage or their last stage. I am thinking specifically of that 
moonshot. As I read the papers, they picked the worst possible time 
of the month to make the shot and they hit a bull’s-eye, which indi- 
cated that they had a pretty advanced guidance system in that last 
Stage. 

Mr. Tuomas. The proof is there, is it not ? 

Mr. Ruopes. Either that or they are lucky. 

I do not think they were lucky. 

Mr. Tuomas. Dr. Dryden has a little German scientist at Hunts- 
ville. Lasked . specifically how our guidance system compared with 
the Russians. I did not expect any other answer than the one we got, 
and he said it was just as good and maybe better. 

As far as I am concerned, I am going to believe him. 

Dr. Drypen. They are too heavy to put on the THOR-based ve- 
hicles. We cannot use them until we get more thrust. 

Mr. Osrerrac. In other words, you are ahead on guidance, waiting 
for development of the booster ? 

Dr. Drypen. Yes. 

Mr. Yates. Do you know that as a fact? 

Dr. Drypen. We saw some of their shots in the Pacific. We know 
roughly what they did. We know what we do with our own guidance 
systems. It is certainly comparable. 
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Dr. SitverstErn. We should qualify this by saying this is for the 
booster stages. There remains a lot to be done i guidance of the 
terminal stages, and the midcourse guidance, when we go out for the 
more distant missions. 

In other words, the Russians did not use any actual terminal guid- 
anee in their shot to hit the moon. They did it on the basis of early 
stage guidance and, as we go into these more complicated missions, 
we are actually going to have to guide this vehicle after it is out in 
space. 

Mr. Tnomas. They did an arithmetical calculation based on speed 
and distance and time? 

Dr. SrtversTen. Exactly. 

Dr. Drypen. They had their guidance in the third stage and got a 

very accurate direction and speed at the end of the third stage. 

Mr. Jonas. I think I saw in the paper this morning that somebody 
said that PIONEER was a little off course and wobbling a bit, is 
that right? 

Dr. GLENNAN. Dr. Silverstein probably has the figures in mind. 
There was a very sigh —serneee 120 miles per hour—difference in 
the nominal velocity we were looking for; and there was a directional 
error of a very small fraction of a degree, a few tenths of a degree. 
This was known as soon as it was launched, but as our people would 
put it, it was well within the tolerance of the system. 

Dr. Sttverstern. The velocity that we imparted this rocket was 
36,869 feet per second. I think we were off in that number by 150 
feet a second. This gives you a measure of the accuracy. This is in 
addition to the fact that the last rocket is a solid rocket, where the 
ony way you have control of the velocity is simply by "burning it 
and seeing what you get. 

In other words, there is no control over the burning time. You 
turn it on and it burns until it completes burning. 

The error of probability is what we calculated. In the later ve- 
hicles, as we move along, the upper stages will actually be controllable 
to give you a very de finite velocity, to about a foot a second. 

Dr. GLeNNAN. Was there some guidance that was not used ? 

Dr. Sttverstetn. The guidance was in the second stage and it was 
not necessary to use it. 

Dr. Drypen. The statement referred to May by Professor Lovell, 
who was doing the tracking. I suppose what he is talking about i is 
a slight difference from a nominal trajectory. 


BOOSTER THRUST 


Mr. Ostertaa. Dr. Glennan, how do we compare with Russia in all 
factors? We recognize that they have a thrust greater than ours; 
but, orate, how do we stand ? 

Dr. GLENNAN. Every morning at 8, I stand before the mirror and 
say, “We are behind the Russians in total thrust available to us, the 
level of thrust in our first stage boosters. In all other areas it is my 
considered opinion that we are not behind the Russians, that we are 
the equal or the better of the Russians.” 

I arrive at this conclusion from discussions with capable scientists 
and from the fact that we have published much more information from 
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the probes that we have sent out in little bits of packages than they 
have from their tremendously large gadgets. : 

Mr. Yates. May I ask you then how do you account for Von 
Braun’s statement where he says we are 2 or 3 years behind the 
Russians ? 

Dr. Giennan. Dr. von Braun works in the rocket field. He is 
talking about the thrust of the rocket, and nothing else. 

He may have guidance in mind, as well, because he has not been 
able to carry the uid: ince that he would like to carry, which he thinks 
he has on his shelves. He is not certain that this is quite as good as 
he might want it to be, because he has not had the opportunity to test 
it in flight. 

Mr. Yates. If, when Dr. von Braun comes in here, and I ask him 
what he means by his statement, he is going to tell me we are 3 years 
behind the Russians in thrust and nothing more. 

Dr. GLENNAN. You ask him and see what he will answer. 

Mr. Yates. You are saying this is what Dr. von Braun will tell me? 

Dr. Gtennan. I think so. If he doesn’t, 1 will be surprised. 

Mr. Ruopes. I want to nail one thing down. You say you have a 
guidance system which is as good or better than the Russians, which 
could be put into a second or third stage if you had the initial booster 
to get the thing up in the air? 

Mr. Yates. That is all it is lacking, the initial booster. 

Mr. Ruopes. The VEGA is a vehicle which we talked about in the 
hearings last year and which is not now to be built, as I understand. 

General Osrranper. That is correct. 

Mr. Ruopes. I asked several questions about the reason for the 
VEGA in the first instance, as did the chairman, and we were told 
that one reason that we wanted the VEGA, and one thing which we 
had to develop was the third stage. 

Dr. Silverstein said on page 137 of last year’s hearings, talking 
about the VEGA, the first stages, et cetera : 

When you put something on top of this, another engine has to be developed 
and a guidance system has to be created for it, as well, because we have to have 
a guidance system for the accuracy we need. Therefore, it takes a third stage 
engine which needs to be developed using storable propellants. This is a new 
development. The engine does not exist and the designs for this third stage 
have to be worked out. 

You spent some $42 million on this VEGA vehicle, did you not? 

Dr. GLENNAN. $18.3 million. 

Mr. Tuomas. They had $42.8 million set aside. 

Mr. Ruopes. Did you get into this particular problem ? 

Dr. GLENNAN. Yes. 

Mr. Ruopes. Is the third stage developed now / 

Dr, Guennan. The third stage is continuing in development. 

General on ANDER. I will cover this. 

Dr. GLENNAN. Before you go on, may I make a statement? 

Mr, ¢ ‘dy He did not finish his answer. 

Dr. Guennan. I finished my answer, but I wanted to be responsive 
to your question, Mr. Ostertag. 

Mr. Osrerrac. I thought you were. 

Dr, GLENNAN. I was not being facetious because this is a serious 
business with us. The business of trying to have people understand 
where we stand in the various elements of this program is tremen- 
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dously important to me. If I seem a little emphatic about it, I think 
you will understand. 

* Mr. Osrerraa. I think we should be grateful for your emphasis, 
but what I was trying to bring into focus was the fact that you have 

had certain successes and you have had certain developments take 
place and you have a pretty good measurement of what they have 
done. I believe it is generally conceded that insofar as power or 
thrust, Russia has achieved that beyond your capability to date. 

Dr. Guennan. At the present time. 

Mr. Osrertac. In the overall picture, taking all things into account, 
our successes and our developments in many respects exceed theirs 
and/or equal it, and in only one field or one area of this thing are they 
recognized as being ahead, is that right ? 

Dr. GLENNAN. That is my statement, sir. 

(Discussion off the record.) 

Mr. Tuomas. Please proceed. 

General Osrranper. I guess we could sum this up by saying Dr. 
Glennan has the cat on my back to produce the thrust he wants. 


DELTA VEHICLE 


Next, I would like to turn, Mr. Chairman, to the DELTA, which is 
shown on the fourth from the left and as a matter of fact, is a further 
development of the THOR-ABLE rocket which was used in last 
week’s flight. We have made or are making a number of reliability 
and per formance improvements over the THOR-ABLE. We have 
simplified the second and third stages and we have adapted a very 
highly accurate guidance system which was taken over from the 
TITAN ICBM program. 

The progress on this development has been extremely good. The 
project was initiated early in 1959 and the first launching of this ve- 
hicle is expected probably next month. All three stages of the first 
vehicle have been delivered, the first flight vehicle, have been deliv- 
ered to the Atlantic Missile Range and the hardware for the remaining 
11 vehicles of a 12-vehicle program are on order and on schedule. 


THOR AGENA B VEHICLE 


Turning next to the next vehicle shown on our chart, the THOR 
AGENA B, this vehicle comprises a THOR IRBM as the first stage 
and the second stage is the same as the second stage vehicle used by 
the Air Force in their DISCOVERER satellite program. 

This second stage vehicle was initiated by the Air Force for the 
Advanced Research Projects Agency early in 1959. They, as you 
heard this morning, have had a ‘remarkably high reliability i in their 
DISCOVERER program as far as putting payloads in orbit is con- 
cerned, and because of this high reliability NASA decided to use the 
THOR AGENA B vehicle as a replacement for the THOR-ABLE, 
for the THOR-DELTA, eventually, and for the JUNO IT vehicle. 

Our first NASA vehicle is scheduled for launch, as you see, in late 
1961. We will use this primarily for scientific and for meteorological 
satellite missions. 

Mr. Ruopes. The second stage is solid propellant ? 

General Osrranper. The second stage is liquid and the third is 
solid. 
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Mr. Ruopes. I do not see any third stage. 

General Osrranper. No, I’m sorry. I 
DELTA. Yes, this is liquid. 

Mr. Ruopes. What kind of liquid ¢ 

General Osrranper. IRFNA, red fuming nitrie acid, and UDMH, 
—<_ mmetrical dimethyl hydrazine. The next vehicle is the ATLAS 
AGENA B which is very similar to the THOR AGENA B, but obvi- 
ously uses the ATLAS as the first stage booster and the same AGENA 
B vehicle as the second stage. 

By using the ATLAS as the first stage, it will give us, as you notice, 
something i in the order of 5,000 to 55,000 pounds in a 300 nautical 
mile orbit. We also have the advant: age here that this vehicle, like 
the THOR AGENA B, will have experienced a number of firings in 
Air Force programs prior to our use in early 1961 for NASA purposes. 

We propose to use this primarily for lunar exploration missions. 

Incidentally, this is one instance, apropos of some of the questions 
asked previously, where we do buy both the first-stage vehicle and 
the basic AGENA vehicle from the Air Force on their contract. 
There are certain modifications to the second stage which are necessary 
for our purposes. These are carried in our budget, not 
hicle development budget, but in the mission line item. 

Mr. Osrertac. There is a difference between the picture there and 
the one on that chart. The top is not the payload ? 

Dr. Dryven. No, sir. This particular chart was used at one time 
for an unclassified briefing and since the AGEN 
classified we blacked it out. 

Mr. Jonas. When along that list do you say you will have reached 
the point you are seeking with respect to thrust ? 

Mr. Osterrac. The timetable onthe SATURN?  Isthat it? 

Mr. Jonas. Why can’t you skip some of those stages ? 

General OstranpeR. Skip some of these ? 

Mr. Jonas. Yes, and start working on SATURN. 

General OstranvdEeR. Simply because these will come in earlier than 
the SATURN is available. There are many things we can do with a 
smaller payload capacity. 

Mr. Jonas. You could not speed up SATURN 
on it? 

General Osrranper. No, sir. We have speeded up SATURN 
much as we can right now. 

Dr. Drypen. The problem is the one I mentioned. Of course, we 
already have the DELTA. That was a decision made early in 1959. 
Those vehicles are just beginning to be delivered. The V are the things 
we will be firing over the next year. The alternative is to sit by and 
do nothing until SATURN comes along. 

Mr. Jonas. The work on these intermediate stages is not slowing 
up the work on SATURN ? 

Dr. Drypen. No. They enable us to do something now. 

Mr. Ostertac. Their objectives are somewhat different ? 

Dr. Drypen. They carry smaller payloads. 

Mr. OsrerTaG. What they seek to achieve is different ? 

General Osrranper. I would like to emphasize we are always going 
to need a sort of a fleet of trucks. In other words, it would not pay 
to use the SATURN for some experiment where we only needed to 
carry, say, 2,000 or 3,000 pounds. 


was thinking about the 


in the ve- 


A configuration was 


by concentrating 


as 


239 


Therefore, what we are trying to do is develop as a comparison, 
let us say, a half-ton truck, 2-ton truck, 214-ton truck, and 5-ton truck. 

Dr. GLeNNAN. I would point out, I think, in this same area, the 
VEGA was canceled so we would not duplicate another vehicle of 
essentially the same general capabilities and weightlifting and mission 
capability. 

Dr. Drypen. I think it should be brought out in that connection 
that this was made possible because it developed that the performance 
of the AGENA was markedly increased. You will notice the “B” on 
the AGENA. The AGENA A was a vehicle of considerably less ca- 
pacity. It became necessary in the DISCOVERER program to uprate 
the AGENA A engine to give it a greater capacity. ‘That immedi- 
ately made it able to do essentially the same job as VEGA. We then 
saw that we could save money in the long run by canceling VEGA 
at that stage. When VEGA was started, however, there was no 
vehicle in the military program which had this capability that we 
are seeking. It came about because in the DISCOVERER program 
it was discovered AGENA A was marginal for what they wanted 
to do. 

Mr. Tomas. What about the SATURN? Will that be liquid? 

General OstranveR. The first stage will use liquid oxygen and hy- 
drocarbons or plain old kerosene. ‘The upper stages of the SATURN 
will use liquid hydrogen and oxygen as propellants. The NOVA is 
not a vehicle itself. It is purely a design concept based upon an 
engine which we now have under development which is a liquid pro- 
pellent engine. 

Mr. Osterrac. Is the SATURN all liquid, then? 

General OstraNDER. Yes, sir. 

Mr. Tuomas. What are we doing in the field of solid propellants? 

General Ostranper. I will cover this in a moment, sir. 

Mr. Ostertac. You are coming to the SATURN now? 


CENTAUR VEHICLE 


General Ostrranper. I have one other, the CENTAUR, which I 
wanted to cover. 

The CENTAUR again uses the ATLAS as the first-stage booster, 
and it will use an advanced second stage which will use hydrogen and 
oxygen as propellants. This same technique or the same propellants 
will be used in the upper stages of SATURN. 

The CENTAUR program includes both the development of the 
hydrogen-oxygen engine itself and the development of the actual 
stage employing these engines. The design of the engine is complete 
and we have had a full duration operation at the rated thrust, and 
the engineering design of the stage is nearing completion now. This 
project was initiated by ARPA in 1958 and was transferred to NASA 
in July of 1959. We are planning to use the CENTAUR primarily 
in lunar and planetary missions. 

Incidentally, here again the CENTAUR project includes the cost 
of procurement through the Air Force of six ATLAS boosters. 

Mr. Osrertac. How come you do not call that ATLAS-CEN- 
TAUR, or something ? 

General Ostranper. This vehicle engine and stage terminology 
really has not been standardized yet. I feel the same way. Asa 
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matter of fact, I have designated one of my people to try to straighten 
this out so it is more understandable. 
Turning now to the SATURN, which I think you are all familiar 
with 
Mr. Ruopes: What is the first stage of the CENTAUR in the way 
of boost ? 
General Osrranver. The same as the ATLAS, 365,000 pounds. 





SATURN VEHICLE 


The SATURN project was started again under the sponsorship of 
the Advanced Research Projects Agency in 1959 and w as tr ansferred 
last November to NASA and it, of course, is our country’s most ambi- 
tious active space vehicle project. It consists of a series of multi- 
stage launching vehicles with increasing payload capability. The 
first. version of it will have, as you see here, three stages, later versions 
will have four and possibly five stages, using these three and adding 
others. The first stage which is under development by Dr. von 
Braun’s organization dow nat Huntsville has a total thrust of 1,500,000 
pounds, which is achieved by clustering eight modified ICBM engines. 

Mr. Ostertac. ICBM’s? 

General Ostranper. ICBM. A static firing of this first stage is 
scheduled for next month down at Huntsville. We have chosen the 
configuration of the second stage and we now have industry bidding 
on its design and construction, and the third stage on this configura- 
tion is exactly the same, or nearly exactly the same as the CENTAUR 
upner stage that I mentioned. 

The first development launch of this vehicle, which will consist 
merely of the first stage with dummy upper stages, will take place 
from the Atlantic Missile Range in 1961. We will then go into a 
total of 10 vehicle development flights, and the first so-called opera- 
tional vehicle which is the 11th vehicle is scheduled for launch in the 
first quarter of 1964. 

We will use SATURN primarily for advanced manned missions. 


ADVANCED PROPULSION TECHNOLOGY 


Turning now from the vehicles themselves to the advanced propul- 
sion’*technology program, which I mentioned, this program of course 
provides us the background and the advanced research and develop- 
ment work for these and for future vehicles, It includes research and 
development on new chemical engines, and support of the joint NASA- 
AEC nuelear rocket program. It contains work in the areas of elec- 
trical space propulsion and also work on auxiliary power units for 
space missions. 

Taking first the chemical program, we have work going on both on 
solid and liquid rocket technology. Solid roekets have several inherent 
advantages over liquid-propellent systems. They are simple in con- 
struction, and they are usually quite reliable. 

They ean be transported in a loaded condition. They are relatively 
easy to launch and their ground support equipment is relatively 
simple. 

Admittedly, the chemical energy you can pack into a premixed 
solid rocket composition is somewhat lower than the energy that you 
normally can get out of liquid-propellent combinations, but in spite 
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of this, there are a lot of missions where this simplicity of handling 
of transporting and of operating outweighs their lesser performance. 
Consequently, we do have a continuing solid rocket program. Our 
program is limited primarily to those aspects of solid propellants 
which are pointed specifically toward missions in space. We have 
deliberately kept our program somewhat small because of the quite 
massive effort that is going on in the Department of Defense under 
the impetus of such programs as MINUTEMAN, POLARIS, 
PERSHING, et cetera. 

Mr. THomas. What is the fuel used in the solid-propellent rockets ? 

General Osrranper. There are a number of different fuels. It is 
basically a rubber, or a plastic bmder containing the fuel and oxidizer 
which combine in burning through the nozzle. 

Mr. Tuomas. What is the fuel, though ? 

Mr. Horner. A hydrocarbon binder in every case, containing the 
oxidizer in the matrix. 

Mr. Tomas. What is the hydrocarbon a byproduct of ? 

Mr. Horner. Rubber. 

Mr. Tuomas. Do these use anything else besides rubber ? 

Mr. Horner. Most of the new propellants have some content of 
the light metals to improve the specific impulse. 

Mr. Tuomas. What is the oxidizer that you mix with it? 

Mr. Horner. Either a nitrate or phosphate. 

General Osrranver. Very frequently they will mix finely divided 
aluminum which increases the thrust. 

Mr. Tuomas. Do you use any metal besides aluminum ? 

General Ostrranper. Other metals have been tried. Aluminum 
is the one that is used most to date. 

Mr. ‘Thomas. What is the chemical formula, Dr. Silverstein ? 

Dr. SurversrerN. Of the rubber base? 

Mr. Tuomas. Yes. 

Dr. Stiversrern. It would take a page to write it out. It is one 
of these very complex rubber molecules. 

Mr. Tuomas. Will it take that much time? Do you have a black- 
board here ¢ 

Dr. Sitverstein. [ cannot write out the long rubber molecule that 
is used. 

Mr. Horner. Every development agency has their own composi- 
tion in this. They all vary a little bit as to the stability of the mole- 
cule. The chemical formulas are very complex and vary from one 
contractor to the other. 

Dr. Drypen. It is something like polyurethane. 

Mr. Horner. That is a development of the Aerojet General Corp. 

Mr. Tromas. The basis of it is hydrocarbon ? 

Dr. Stiverstetn. Yes, big molecules. They are all polymers. 

General Osrranper. These comparisons are always dangerous but 
as a rough idea, by going from what you might call conventional pro- 
pellants | to our hydrogen- -oxygen combination that we use in CEN- 
TAUR, we can roughly double the thrust that we obtain and going 
from that to a nuclear rocket, you can again roughly double the 
thrust. 

Mr. Evins. You had about 16 launchings in 1959. How many do 
you schedule or have planned for 1960? 

Dr. Drypen. About 30 
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Dr. Sriverstern. It is in the order of 30. I will have a. chart. 
shortly that will show these numbers. 

Mr. Osrertac. We hada list of them. 

I would like to ask Dr. Silverstein or General Ostrander about the 
SATURN. Is it fair to say that the SATURN is a radical depar- 
ture from all other rockets that have been used or developed up to 
this point? 

General Osrrinper. No, sir. I would say not. It is simply an 
extrapolation in size. 

Dr. Dryven. It is an eight-cylinder engine where the ATLAS 
is three. 

Mr. Osrertac. That is primarily what I meant as constituting a 
radical departure. You have eight boosters within one and they have 
to be coordinated to operate together. In other words, where you 
might have one chance of lack of explosion you have to have eight 
of them working constantly together. 

Let me ask you this: Are you putting all your eggs in the SATURN 
basket or is there any other basic approach to getting that much 
power and thrust that is so essential for your ultimate weapon or 
satellite ? 

General Ostranper. I will cover that later and I think our alterna- 
tive is in this F—1 engine, which we now have under development. 

Mr. Ostertac. That iseven beyond the SATURN ¢ 

General Ostranper. Yes, sir; it is. 

Mr. Osrertrac. You are concentrating on the SATURN and that 
is only one type of vehicle. There are no experimentations involved 
in any other form of doing this? 

Dr. Drypen. That is a half billion dollar project. You cannot 
afford very many of them. 

Mr. Osrerrac. That isa good point. 

Dr. Strverstretn. May I say here the SATURN is an unusual 
vehicle in the sense that it will have quite high performance for its 
basic thrust, of a million and a half pounds. We are using this new 
fuel from the upper stages, hydrogen and oxygen. The CENTAUR 
for the first time will use these fuels in an actual vehicle. It is very 
important to the SATURN program because it will give us the 
experience to enable us to assure ourselves that the SATURN will 
work when we call upon it to work. There is a growth of experience 
from the CENTAUR into the SATURN. SATURN is unusual since 
no one has yet flown any vehicle with the hydrogen-oxygen fuels. 
These fuels do give you capability which is roughly twice that of the 
conventional fuels in a lunar mission. 

Mr. Ostertac. Do you know whether that is the principle the Rus- 
sians used to achieve the same result? 

Dr. Stiverstern. I can only guess at this. I do not think so. I do 
not think they have done this yet. This is just a guess. 

Dr. GLENNAN. There is no reason why they should not do it. 

Dr. Stiverstrin. Not if they develop the technology. I do not 
know whether thev have. 

Mr. Ostertaq. They have developed a rocket with the potentials or 
the thrust or the power that your SATURN hopes to achieve. Is 
that not rieht ? 

Dr. Strverstern. No. Our guess is that it is about—perhaps half 
the size of the SATURN. 
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General Osrranver. This is 1.5 million-pound thrust, theirs, we 
think, is probably in the neighborhood of 600 to 800. 

Mr. Osrerrac. You will pass them when you get the SATURN 
unless they develop something else ? 

Dr. SitverstEIN. L expect they will make progress, too. 

Dr. Drypen. ATLAS AGENA will equal what they have demon- 
strated; SATURN will be ahead provided they haven’t done the same 
thing. 

Mr. Yates. Does it make sense to take the position they will not 
make progress ¢ 

Dr. Drypven. It will take them some little time as well as it does us. 

Mr. Yates. Has it taken them less time ? 

Dr. Drypen. I don’t think so. They started 4 years earlier. 


LIQUID PROPELLANTS 


General Osrranper. I would like to turn to the liquid propellent 
program. This program includes a development of three engines 
which appear in our future vehicles. One of these is the 1,500,000- 
pound thrust single-chamber engine, which I mentioned previously ; 
the second is a 200,000-pound thrust, liquid-oxygen engine, which will 
be used in later versions of the SATURN, and finally, the 6,000-pound 
storable propellent engine, which was initiated as part of the VEGA 
program and which we are continuing. 

Taking first the million and a half pound thrust engine, this is 
nearly 10 times the thrust level of any single chamber rocket engine 
that is presently developed. It will potentially provide propulsion 
for lower stages of manned space vehicles beyond SATURN. If we 
decide to go to something like the NOVA concept, by clustering four 
to six of these engines, we can then accomplish manned landings on 
the surface of the moon and return. 

Mr. Ruopes. Four to six NOVA ? 

General Osrranper. Four to six of these engines. I would like to 
emphasize that NOVA is merely a design concept, using this engine 
as the basic engine. It is not actively under development and no de- 
velopment is planned to start in fiscal year 1961. The engine on the 
other hand has been under development since 1959. We have had 
tests of this engine at thrust levels above the 1 million pound mark. 
They were done at Rocketdyne’s facility at Santa Susana, but our 
facilities limited us in both thrust level and thrust duration. We do 
have some stands under construction or modification at Edwards Air 
Force Base. 

We will have the first full thrust test of this engine at Edwards in 
the spring of 1961. 

The next picture I believe shows a photograph. 

Mr. Tuomas. Do you have facilities at Edwards to test that engine? 

General Osrranper. These are under construction now, sir. We 
have some stands which we are modifying, will take this engine or its 
components, 

Mr. Tuomas. At Edwards? 

General Osrranper. At Edwards Air Force Base, yes, sir. 

Mr. Tuomas. Are you building these test stands all over the coun- 
try? You have them in Huntsville and you apparently have some on 
the Pacific coast already. 
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General Ostranper. We have no engine—— 

Mr. Tuomas. You have them at Canaveral. 

General Ostranper. These at Canaveral are all actual launch 
stands. The test stand at Huntsville is designed to take the entire 
SATURN vehicle fired as a vehicle. 

These stands at Edwards are purely for the development of the 
engine itself. 

Dr. Drypen. These are existing stands, Mr. Thomas that are being 
modified to take this larger thrust. 

Mr. Tuomas. When were those stands at Edwards built? 

Mr. Horner. The first one we are occupying was built and occupied 
in 1955 asan ATLAS system test stand. 

Dr. Drypen. It is across the lake. You may have been there. 

General Osrranver. This photo merely shows a mockup of this en- 
gine, showing you the size of it in comparison to man. 

Dr. GLENNAN. I have seen that unit fired at 1,080,000 pounds of 
thrust and the tongue of flame that licks out from it licks out 100 or 
150 feet. You want to be in the next county. It isa really terrifying 
sight. 

Mr. Tuomas. Where was it fired 4 

Dr. GLENNAN. At Santa Susanna. It was a 314-second uncooled 
chamber run. 

General Osrranper. I do not have a picture of the 200,000-pound 
thrust liquid oxygen engine that I mentioned. It will be used in 
upper stages of future versions of the SATURN and will give us 
roughly double the payload capacity of equivalent stages using 
oxygen and kerosene. 

Turning next to this 6,000-pound thrust engine, it was originally 
started as a part of the VEGA vehicle development and it is being 
continued because of its continued usefulness to us in some other 
vehicle programs. The advantage of so-called storable propellants 
is of course the fact that you can carry them over long distances and 
over long time periods without loss due to ev aporation. 

We woul l use this 6,000-pound thrust engine primarily for upper 
stages in planetary orbit or planetary landing missions and for tra- 
jectory correc ‘tions duri ing the course of the flight. 

Turning now to our nuclear engine that you mentioned, Mr. Chair- 
man, this is an artist’s concept of a so-called nuclear heat transfer 
rocket. The nuclear rocket differs from the chemical rocket in that 
a nuclear reactor rather than a chemical combustion reaction is used 
to heat the working fluid, which in this case is hydrogen, and which 
then expands through the nozzle, providing thrust. 

Mr. Tuomas. Where is this engine being developed and by whom! 

General OsrranpdeER. The reactor itself is being developed by the 
AEC, by their Los Alamos Laboratory. We have certain responsi 
bilities to support them in that program, including nonnuclear com- 
ponents of the engine. We are also supplying the hydrogen propel 
lant for their test program. They 5 will gO througn a program to the 
point of a breadboard engine system. By that I mean a system which 
contains all of the prince ipal components but whic h are not necessar ily 
packaged as flight gear nor are they flight weight components. 

Mr. Tuomas. How will the research unit in Cleveland fit into this 
program ¢ 
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General Ostranper. At.the Plumbrook facility ? 

Mr. Tuomas. Yes. 

General Osrranper. That is primarily a basic research organiza- 
tion rather than ‘a development organization. They will back us up 
in some of the basic knowledge that we need for the development.of 
the engine, but the prime job of developing the reactor hardware 
itself is the responsibility of the AEC. 

Mr. Evins. How long has AKC been working on'this? 

General Osrranper. On the ROVER project, about 3 years. 

Dr. Drypen. At least that much. 

Mr. Horner. They had studies much before that time but the 
major development effort in terms of funds being applied to the 
project has been during the last 3 years. 

Mr. Osrerrac. Do you actually hold out belief that nuclear power 

‘an be employed in rockets ? 

Mr. Horner. They have had a ground test, KIWI test device 
using this cycle, which was very successful. This was last summer. 

General Osrranver. I think that the theory of the operation has 
been pretty well proven. It is merely a matter of further develop- 
ment. 

Mr. Osrerrac. 'That is not true in connection with the missiles, is 
it? 

Dr. Drypen. There is some question about whether you want to use 
it in all stages, particularly the first. We have to test ‘the engine now 
as thoneh it were a bomb; in other words, at the AEC’s Nevada test 
site. The nuclear rocket engine is putting out radioactive material. 
We think the first use of it would be in upper stages where you do not 
start up the reactor until it is out in orbit. 

Mr. Evins. You have used nuclear power in other cases. Why can- 
not you put it in a rocket ? 

Dr. Drypen. You cannot afford to carry that much shielding in 
a rocket, but in an unmanned space vehicle vou can use nuclear power 
without any or with only a small amount of shielding. 

Mr. Boranp. In the development of nuclear missiles, what is the 
name of that project ? 

General Ostranper. This is the ROVER project. 

Mr. Bowanp. Is this being developed by the University of Cali- 
fornia? 

Dr. Drypen. You are thinking of project PLUTO. 

Mr. Botanp. Is that the ramjet? What is the difference between 
that project and the ROVER project ? 

Dr. Drypen. It is an air-breathing vehicle which works in the 
atmosphere. 

Mr. Horner. Instead of using liquid hydrogen to cool the reactor, 
it operates like a ramjet and takes in air and the air goes through the 
reactor and is heated. 

General Osrranper. In the case of the rocket you actually have to 
carry along a working fluid, which is equivalent to fuel and it is 
heated by the reactor and expanded through the nozzle, but you can 
only operate it as long as—— 

Mr. Evins. Do you have a target date set for a nuclear rocket test? 

General Ostranper. No, sir; we do not as yet. 

Dr. Dryven. Not for the flight test. There is a target date set for 
the ground, or breadboard, test. 
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Mr. Evrns. Is the delay yours or the Atomic Energy Commission? 

General Osrranper. The breadboard test is the responsibility of 
the AEC. 

Dr. Drypen. The delay is due to the problem of how to design it, 
Tt is a little difficult to design a test vehicle without knowing more 
about the weight and shape of the engine. 

Mr. Evtns. I am talking about the Atomic Energy Commission. 
They say they will have atomic power in the next 15 years and that 
they already have it in New England. 

Dr. Drypen. They are, of course, developing the reactor end of 
this. They are not in the flight vehicle business. A test flight on 
this rocket can be made with SATURN after the 11th vehicle avail- 
ability which has been referred to, in about 1964 or 1965. The use 
of it in an operational space mission will probably come about the 
end of the decade. 

Mr. Yares. You indicated that you cannot use this for the first 
stage. 

Dr. Drypven. I did not say you cannot. If you do, you have to 
treat it like a bomb. You have to launch it at some place where there 
is plenty of area and protection and at some place where the per- 
sonnel is thoroughly protected. You would also have some atmos- 
pheric contamination which would stir up a lot of political problems, 
These problems do not arise if you use it in space itself. 

Mr. Bouanp. I would think that the shielding problem would be ter- 
rific. 

Dr. Drypen. You could put shielding on the ground to protect the 
launching personnel, but you cannot put shielding on the rocket which 
would protect people elsewhere from the air which would be con- 
taminated as the rocket passed upward through it. 

Mr. Evins. What about shielding the man for the “Man-in-Space” 
project ? 

Dr. Drypen. There is some question as to whether we can use the 
nuclear rocket for manned flight. 

General OstranverR. We are not completely out of the woods on the 
shielding problem even if you do not have a man in the payload. This 
radiation has some effect on the components of the vehicle iteelf. 

Mr. Botanp. On the nuclear powerplants you have to shield the 
reactor, the crew, and the plane, and then you will have to shield the 
field itself. 

Mr. Yares. The plane just does not get off the ground. 

Mr. Botanp. If it is ever gotten off the ground, it would be easy to 
bring down. 

General Ostranper. Another area of nuclear technology that we 
are working in is auxiliary power generation. We are working on 
several different kinds. There are actually machine-driven systems 
where a nuclear reactor actually drives a nuclear-powered turbine 
and this is used, in turn, to drive an electric generator, or we may have 
systems to convert the input energy to electrical power directly without 
a machine. This is the system used in the so-called “Snap-—3” power 
generator. 

SPACE POWER TECHNOLOGY PROGRAM 

Turning next to the so-called space power technology program, this 
covers two general broad areas: The first is electrical propulsion— 
actually making use of electrical particles to propel a vehicle—and 
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the other is auxiliary power generation by means other than nuclear 
reactors. 

The objective of the space electrical propulsion is to find means of 
actually accelerating electrical particles so that they give thrust to a 
vehicle. One example, of course, is the ion accelerator. We focus 
a stream of charged particles and they are made to leave the unit at 
extreme velocities up in the order of hundreds of thousands of miles 
per hour. The specific impulse of the electrical rockets is very high, 
something like from 2,000 to 20,000 ae per pound. ‘This 
is in comparison with 450 pounds that we are talking about in 
hydrogen-oxygen systems. 

On the other hand, because of the small amount of mass that ean 
be acted on with the available power, the total thrust is low. The 
thrust that can be produced is about one-ten-thousandth of the total 
weight of the apparatus on the ground. These are useful only for pro- 
pulsion where you are in space and you want to accelerate slowly over a 
long period of time. 

In our space technology program we also have nonnuclear power 
generating units which we hope to use to replace chemical storage 
batteries where we need power extending over longer periods of time 
than the batteries will give us. Since solar energy is the energy which 
is most available in space, much of our work is connected with at- 
tempting to focus this extremely thin energy and concentraing it to do 
useful work. 

We have bids to develop a 3-kilowatt solar auxiliary power unit, 
and in this case the radiant energy of the sun is focused by this mirror 
on this boiler in which a liquid metal is used to drive a turbine. 

Mr. Tuomas. If I may interrupt you has not Dr. Abbott over at the 
Smithsonian been working on this for a long time? Does he not have 
a laboratory somewhere ? 

General Osrranper. This boiler, in turn, drives a little electrical 
generator. 

Mr. Tromas. Is he not located in New Mexico? How is he doing? 

Dr. Drypen. He has made a solar stove, I think. 

Mr. Tuomas. Are you using the services of the good doctor in this 
research ? 

Dr. Drypen. Not directly. 

Mr. Tuomas. For 25 years he has been fooling with the sun’s radia- 
tion, trying to convert it to heat. 

Dr. GLENNAN. They have an institute on solar research at Tucson. 

Mr. Tomas. Are 9° using that institution there? 

General Osrranper. I do not believe we are; no, sir. 

Mr. Horner. These are all industrial contractors that are bidding 
on this program. This is a contract that is out on bid. 

Mr. Tuomas. What do these people know that that research insti- 
tution does not know? They have been working on it for 25 years. 

Mr. Horner. Much of the research from that institution has been 

ublished in the form of reports and has been made available to these 
industries. Basically, the problem is converting the technology to 
hardware. 

Mr. Tuomas. You are trying to build the gadget? 

General Ostranver. Yes, sir, we are trying to figure out what kind 
of material to use for the reflector and determining what kind of 
liquid metal we would use in our boiler. 
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Mr. Tuomas. How much are you spending on this gadget? 

Mr. Osrerrac. Is the theory or principle involved that the elements 
would provide the power ? 

General Osrranper. The sun’s rays are concentrated on this boiler 
and they provide the heat energy to drive the generator. 

Mr. Utmer. There is the sum of $2.1 million involved. 

General Ostranper. We had $1.6 million on this in fiseal year 1960 
and $2.1 million requested in 1961. 

Mr. Tomas. $1.6 million in 1960 and you are requesting $2.1 mil- 
lion this year? 

General Ostranper. Yes, sir. 

Mr. THomas. You may proceed. 

General Osrranver. The only thing I have left—— 

Mr. Tuomas. Who is your contractor here? 

General Osrranver. We have not selected one as yet. We have re- 
quested bids. 

Mr. Tuomas. You mean your 1960 funds are not obligated yet ? 

General OsrranpeER. No, sir, but they will be by the end of the fiseal 
year. 

I have only two remaining charts, Mr. Chairman, which sum up the 
distribution of the funding. 


VEHICLE DEVELOPMENT PROGRAM 


Within the vehicle development program—I do not know whether 
I mentioned it—but in the case of the SCOUT we have essentially 
completed this development and we are requesting no money for 1961. 

These [indicating] are the other programs that I cove red. I think 
I mentioned that in the Agena B program the development costs are 
covered in the Air Force program. Therefore, we have no money in 
our vehicle development program for these items. 

The cost of modifications to give us a vehicle necessary for our pro- 
gram is carried in our mission line items under Dr. Silverstein’s pro- 
gram. Here I should point out that in the case of the SATUR N, 
because this is essentially an inhouse program at Huntsville to date 
as opposed to a contractual program, I have shown not only the re- 
search and development cost but the other costs at Huntsville directly 
identifiable to the program. 

Mr. Ostertac. You do not show NOVA. 

General Osrranver. No, sir; the NOVA program consists only of 
this F—1 engine development and this is shown next. 

Mr. THomas. Who else do you have? You have Dr. Silverstein 
and Mr. Abbott. We heard Dr. Silverstein thismorning. We heard 
what he had to say 

You may proceed, General Ostrander. 

General Osrranper. This is all I have, sir. This summarizes the 
distribution of the funding in the advanced technological program 
which I covered. 

Mr. Tuomas. All of these statements are in the justifications almost 
verbatim. I have read them once. What is Dr. Silverstein going to 
tell us that is not in the justifications ? 

Dr. GLennaNn. I think a very exciting story. 

Mr. Tuomas. It is not in the justifications ¢ 
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Dr. Guennan. Some of the words are there but the feeling that I 
think he would put into it is not in the justifications. 

Mr. Tuomas. What is Mr. Abbott going to tell us? 

Dr. GLennan. About the research centers and the program in aero- 
nautics as well as the programs that he has been undertaking in sup- 
port of materials development and missiles. 

Mr. Tuomas. How are we going to squeeze them into this hearing 
in 20 minutes ¢ 

You may proceed, Dr. Silverstein. 


STATEMENT OF THE Dikecror, Orrice or Space Fiicut Programs 


Dr. Suiverstern. Basically, Mr. Chairman, my presentation is in 
answer to your question - this morning on what our program might 
be for the next several years and to basically highlighting the program 
that is outlined in our See presentation. 

I thought it would be desirable to group together these flights, 
showing what we intend to do and, basically, what we intend to learn 
in our oncoming flights. 

SOUNDING ROCKETS 


Dr. Dryden mentioned this morning that we do find it necessary to 
carry On a program in sounding rockets. This is the first step in a 
deep space or a satellite program wherein we in the laboratory de- 
velop new ways to measure things and find out how to measure mag- 
netic fields in space or the radiation in space. People conceive ways 
of doing this and we start with our sounding rocket flights by putting 
these aboard relatively inexpensive vehicles and flying them up to 
oa altitudes and finding out whether, in fact, they do operate the 

yay they are intended to do. 

Furthermore, there are many measurements which we wish to make 
which require that we take a vertical cut up through the atmosphere, 
and this can best be achieved with a sounding rocket. So, our program 
includes, and is detailed in our budget presentation, a series of sound- 
ing rockets in these various fields of atmosphere, ionosphere, energy 
particles and so forth. 

During the year 1961 we are intending to fly some 100 of these 
rockets. These rockets, on the average, cost from $25,000 to $30,000 
each to fly. Within the framework of this some cost more. The 
ones that go to higher altitudes are more expensive and some aimed 
particularly at the meteorological field will cost less. 


EARTH SATELLITE MISSIONS 


We now look to the program which we call our earth satellite 
missions. Let me say here in a general sense that our program has 
three basic ingredients in it: One is a scientific program of the ex- 
ploration of space. We are trying to find out what is in the universe 
that we ought to understand before we go too far. We cannot hope 
to fly men in space unless we understand the conditions of radiation 
in space. More than that, we would like to understand something 
about the universe. We would like to know what the history of the 
universe hasbeen. Naturally, to understand some of the fundamental 
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laws of the universe so they can be applied for the benefit of man we 
feel over the past has led them out of the caves 

Mr. Trromas. Doctor, let me interrupt a minute and cut you off. 
We have just built a big laboratory for our mutual friend—and he 
is a friend of yours—over here in West Virginia. He is a very able 
physicist and he has some big dishpans over there and he is taking 
a. look at the sun and the moon. 

There is no need of fooling with that. We are going up there and 
actually walk around. We do not need this thing downstairs; do 
we ? 

Dr. Surversrern. There are things that he will learn that we will 
not learn and there are things that we will learn that he cannot learn, 

Mr. Tromas. What is he going to see up there that you are not 
going to experience when you get there? 

Dr. Strverstern. He has a capability with his big dish of observ- 
ing very distant space radiation and certain wavelengths. He is 
shut off from observing certain wavelengths in the ultraviolet field 
and, in fact, except for a few windows, he is shut off from observing 
many things. 

Mr. Tromas. You are going to send a man up there, and your 
justification states the reason for sending him up there is that he is 
going to have his senses with him and see all these things. 

Dr. Strverstrrn. When you have a dish the size of the one there 
in West Virginia, you know the receptive capability is the function 
of its area. We are certainly not for some time going to be ab . to 
carry dishes of that diameter into into space and “be able to pick up 
the very faint signals that he will be able to intercept in the ranges 
of frequency that he would be able to record. 

Mr. Tromas. But, he is getting his information secondhand. You 
will have men up there in space and we get it firsthand. So, we do 
not need that dish any more. You do not have your big booster 
ready yet but you will have it ready in a couple of years ‘and then 
we will be: all set. 

Dr. Sriverstern. I would say we do need it and I would say even 
more than that it will be quite helpful later in our program. 

Mr. Tuomas. That is the answer I was expecting. How will 
help you in your program ? 

Dr. Stiverstern. It will have the capability of receiving signals 
far out in space and we will probably be knocking at his door in the 
future asking for help in receiving the signals. 

Mr. Tuomas. You have some money in here to improve your signal 
business too. 

Dr. Stiverstern. Yes, sir. 

Mr. THomas. How is he going to help you on that ? 

Dr. Strverstetn. As I say, the receptivity of the dish to faint sig- 
nals is a function of the area of the dish and the quality of its surface. 
He will have a big dish which will be a very fine surface and this 
will be of great help. 

Mr. Troms. On a signal basis only for reception of signals? 

Dr. Stiverstern. Yes, sir. 

Mr. Trromas. Beyond that he will not have too much utility in the 
future will it ? 

Dr. Stiverstern. In his field in radio astronomy it will have a great 
usefulness. 
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Mr. Tuomas. How ? 
Dr. Sttverstern. The radio astronomer’s work is trying to map out 
ve er of the galactic systems, based on observations of their 
aption rom the stars. 
. Tuomas. One of the many things we can put our finger on 


that you hope to accomplish in this whole program is the field of 
communications ¢ 


Dr. SILVERSTEIN. Yes, sir. 
Mr. Tuomas. How is he going to fit into that program with his big 
dish ¢ 

Dr. StrversTern. I do not quite see how he fits into that program. 
He fits, rather, into the program of scientific exploration of space. 

Mr. Tuomas. Well, virtually will you not be many, many jumps 
ahead of him if you get a man in space ¢ 

Dr. Sitverstern. We will have trouble getting a manned systems 
that will be able to have as big area of reception as he will have for 
some time to come. We will not visualize things in this area as yet in 
our program. 

Mr. Tuomas. In other words your payload will not be big enough 
for a few years? 

Dr. SttversTEIN. I think so; it will be a little small. 

This [indicating] is a program of earth satellites. It includes these 
three phases I introduced: The exploration phase, the phase of the 
application of satellites to problems such as communications and 
meteorology. Both these applications, we think, are very important 
to the future economic life of our country. In addition we have our 
manned space activity and all of these are in the satellite field. 

This chart shows the scientific experiments in progress—the com- 
munications in green and the meteorological in red—and outlines the 
program for the next several years ahead. 

You might ask why have we gone this far in this program? It is 
because of the lead time item that Dr. Dryden mentioned. We must 
look ahead and provide funds in fiscal 1961 in order to handle the 
projects that we intend to use in 1963. 

In this program in the next year we will be completing our work 
with the JUNO II vehicle with four satellites: The meteorological 
satellite marked “M,” with the THOR-ABLE, which is the one we 
intend to fly about the first of April in which we will send a satellite 
to take weather measurements. 

In the SCOUT program we show a number of firings for the next 
several years, and I will outline those in more detail, and the same 
thing is true onthe DELTA. We have a communications experiment 
which we intend to get off soon using a large balloon and using the 
new DELTA vehicle which General Ostrander outlined previously. 

So, we go to the THOR AGENA-B which we will fire sometime 
in fiscal year 1962. However, in the meantime we must prepare this 
satellite payload in our laboratories and in the contractors’ shops to 
have it ready at this time. The same thing is true of the flights of 
ATLAS AGENA-B which will be flown in fiscal year 1961. 

I will show in more detail what they are to be used for. 
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We have here [indicating] a flight of a JUNO II scientific satellite 
in the third quarter of fiscal year 1960. This isa flight that currently 
is scheduled and it will be an extension of our radiation belt studies, 
Experiments have been prepared at lowa State and are up to date 
versions of the radiation experiment that I mentioned earlier, using 
the first EXPLORER vehicle. Since that time, after looking at the 
data, we have been able to determine the ranges of the instruments 
better and have new and improved instruments aboard this vehicle for 
this flight. 

In the same way we will continue working in the ionosphere and 
gamma and cosmic rays. This will be the first time we will make 
measurements of gamma rays in space, and here [ indicating} we have 
one with the ionosphere beacon, the DELTA scientific satellite pro- 
gram. 

VAN ALLEN RADIATION BELT 


Mr. Tuomas. Just a minute, Doctor. Dr. Van Allen has a big 
question mark about whether you are going to be able to get through 
his radiation belt up there with your astronauts. Has he not ex- 
pressed some doubt to that effect ? 

Dr. Sttverstetn. Yes, sir. 

Dr. Dryven. They are not scheduled to go that high. 

Mr. Tuomas. His first radiation belt is not too high up as distances 
go. 

Dr. GLENNAN. 600 miles. 

Dr. Dryven. It is quite a bit beyond the 120 miles that we will use 
in the first astronaut’s flight. It is well beyond that. 

Mr. Tuomas. But, you “plan to go much higher than that later on, 
do you not? 

Dr. Dryven. He is talking about when we try to send a man out to 
the moon and come back. 

Mr. Triomas. I though he indicated you would have trouble getting 
a human being through that first band. 

Dr. Drypen. No. Van Allen says the man can get through but you 
cannot keep him in it very long. 

Mr. Tuomas. He thought we could get him through without dam- 
age ¢ 

Dr. Drypen. Yes, but you cannot keep him there very long. 

Dr. Surversrern. In our MERCURY flight the man will fly at an 
altitude of about 120 statute miles and here there is no real great diffi- 
culty with the radiation belt because it is not the center of the lower 
radiation belt. 

Mr. Tuomas. The first band is what? Is that 600 miles? 

Dr. Drypen. Over the Equator; it extends from 600 miles to over 
500 miles. 

Mr. Tuomas. And, it is 15 or 20 miles thick? 

Dr. Drypven. It runs all the way from 600 miles to 2,500 miles or 
more with different particles reaching their maximum at different 
levels. 

Mr. THomas. What was his second band? 

Dr. Drypen. What has been called Van Allen’s second band ex- 
tended from 10,000 miles to about 35,000 miles over the Equator. But 
you must remember that what an experiment detects depends on what 
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his instruments “see,” as it were. The instruments from which Van 
Allen’s data came had a threshold of sensitivity such that they showed 
an inner and an outer zone just as he has described them. But later 
observers with different instruments, measuring particles of different 
energies than those observed by Van Allen, have seen a different struc- 
ture in the radiation belt. In general, then, one should think of the 
radiation belt as a great diffuse region of highly energetic particles 
trapped by the earth’s magnetic field, and which may show various 
zones depending on what the instruments being used are able to detect. 

Mr. Tromas. It depends upon the way you look at it. It could be 
one band 200 or 300 miles thick. 

Dr. Sirverstern. Actually, the second band is considered to run 
from about 10,000 miles to about 35,000 miles. That is a pretty thick 
band at the Equator. 

Mr. Tnomas. I would not want to go through that on foot anyway. 

Dr. Sitverstern. In the DELTA program I think you saw an out- 
line of it which is coming into use this year. We have a range of ex- 
periments here involving solar spectroscopy in which we point an in- 
strument at the sun and measure the spectrum of the sun with this 
pointing instrument. 

We continue our radiation belt studies with an advanced group of 
instruments and study the atmospheric structure and send a satellite 
around the world with a flashing light so as to do a study of a geodesy 
of the world and world and work here on the ionosphere topside in 
1962 and we are about on time. 

Now, our SCOUT vehicle is coming along and again during the 
period we have a series of satellites listed for its use, and in this group- 
ing are the satellites to be used in the international program, the pro- 
gram in which Great Britain will provide the instruments and we will 
fly the satellites. 

Again, you will see that some of these vehicles are flown on polar 
orbits from the Pacific missile range, flown so as to go around the 
world from north to south and thereby give us this coverage of the 
whole range of the latitudes. 

Going ahead in the program we come to the payloads that will be 
carried on the AGENA vehicle. Here we show both the use of the 
THOR-AGENA that you, again, were reminded of in the previous 
chart and the ATLAS-AGENA. 

Here is a class of quite heavy payloads that will weigh upward of 
5,500 pounds and we come into the range of where we can actually 
develop an astronomical observatory. 

Mr. Tuomas. Are your payloads being developed along with your 
thrusts ? 

Dr. Strversretn. Yes, sir; that is the purpose of our budget. De- 
velopment here is to provide the funds needed now for these very 
complex payloads to be flown in later years. For example, in this 
astronomical observatory we have underway both the space craft 
that will carry these vehicles from a design point of view and, also, 
by contracts with numerous universities throughout the country we 
are working with the scientists and astronomers who have a deep in- 
terest in putting aboard this satellite the various instruments that 
are appropriate to their range of knowledge. 
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RESEARCH GRANTS AND CONTRACTS 


Mr. Tuomas. Your research grants, or your description of them, is 
quite inadequate. I was just w ondering what is your main basic new 
research grants. You indicate you want to go into the field of med- 
icine and biology, but what is the main burden of your research grants 
now ¢ 

Dr. Surverstern. They cover a wide range of technical disciplines 
and scientific disciplines. If you read through the entire list of them, 
you will see that they cover ‘almost all of the areas of the physical 
sciences that we are working in. 

Mr. Tuomas. Your predecessor agency had anywhere from $500,000 
to $750,000 for that purpose. Here you want to jump up to $10 
million. What fields are you going to broaden ? 

Dr. Stiverstern. Well, our fields are quite a bit broader now than 
they were before. For example, this is a good case in point right here 
in the astronomical observatory. We have scientific people, for ex- 
ample, at practically all of the important universities—the California 
Institute of Technology, the California University in Berkeley, Calif., 
Yale, and H: arvard—people who are working in the field of ‘deve lop- 
ment of the types of sensors or the astronomical instruments that we 
will want to use in this observatory. 

These contracts are expensive because they are essentially develop- 
ing prototype equipment. As soon as they get through the proto- 
type and breadboard type equipment we will go into contracts for 
actual development of the hardware. 


METEOROLOGICAL SATELLITE TIROS 


Now, I pointed out that our program includes application satellites 
and one range of application in meteorology. I think we told you be- 
fore that it is of considerable interest in our program to see if we can 
develop systems for observing the weather throughout the world and 
currently we have developed this payload, which will provide us tele- 
vision pictures with two different cameras, both a wide- angle TV 
camera and narrow-angle camera—pictures of the cloud cover over the 
entire world. This satellite is to be fired within the next quarter 
and we are hoping if it is successful to be able to transmit back to 
the ground to a certain command station or stations distributed 
throughout the world, information regarding cloud cover over the 
whole surface that this covers and also to get our first real under- 
standing of how far we can go in this field of meteorology. In 
other words, from these measurements we will be able to size up the 
possibilities for the use of satellites in the meteorological field. 

We have made arrangements with the Weather Bureau to carry 
on analysis of the data. We are tied in with all the principal agen- 
cles in the country who are interested in weather. The military serv- 
ices of course are interested. We are working with the Cambridge 
Center and sending the data to them. 

We would hope that with this satellite and a followon satellite 
which we will have next year, to get our first real unde ‘standing of 
the possibilities of the satellite in the me teorological field. 
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In the same way, we are beginning our work very shortly in the 
field of communications, another field of application of the satellites. 
Here many people have estimated it is possible if we use satellites in 
the communication area, and almost everyonew ho has looked at it 
seems to feel there is a very important area here for development. 

Mr. Tuomas. Doctor, you are making a very interesting statement. 
Let us come back at 10 in the morning. Then you and “Dr. Abbott 
will finish your statements. We will then go into your justifi- 
cations. 


Turspay, Marcu 15, 1960. 


Mr. Tuomas. Will the committee please come to order. When we 
adjourned yesterday Dr. Silverstein was making a very able and in- 
teresting talk. Proceed, Dr. Silverstein, and use all the time you 
want. 

Dr. Strversrein. I was discussing the meteorological satellite 
TIROS, which as I mentioned will be placed in orbit with a THOR- 
ABLE vehicle. We will put this into about a 380-mile orbit, and 
it will take TV pictures of the cloud cover over part of the orbit it 
covers. We will expect to have later in the year a second TIROS 
package available for flight. 

Mr. THomas. What will be the weight of your first and second 
packages / 

Dr. Strverstrin. The TIROS package weighs around 160 pounds. 
Our following program, however, will include new instrumentation 
and will be a heavier package, shown on the next chart. 


METEOROLOGICAL SATELLITE NIMBUS 


We have an oncoming program of a vehicle called NIMBUS which 
is the followon meteorologic al program. The first of these vehicles 
will carry this package weighing around 600 pounds, will be put in 
about a 600-mile orbit around the earth, and make a TV coverage of 
clouds. It will have a very excellent instrumentation for measuring 
infrared radiation from the clouds to the satellite. 

One of the interesting differences between the two satellites, the 
TIROS and the NIMBUS, is associated with the way they are ori- 
ented. The TIROS satellite, of course, will be launched from the 
THOR-ABLE vehicle with a spinning top stage and will maintain 
its orientation in space as it goes around the earth along the same spin 

aXis that it is launched with. The second one will have a stabilization 
system in it that is always orienting it toward the center of the earth. 
This is done by means of a gas jet system, and a sensing system to tell 
its position. The gas system then reorients the position of the vehicle 
sv it aims directly at the earth’s surface. 

There will be two NIMBUS firings during the 1961-62 time period, 
and at the end of this time period we believe we will be far enough 
along with the program so we will be able to outline the methods for 
establishing something that might be called an operational meteor- 
ologic al system. By this we hope to establish the groundwor k in these 
early flights for collection of data, meteorological data, that can be 
forwarded to a central me teorological center that will reduce the data 
and make it available throughout the world at a station such as our 
World Meteorological Center. 
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COMMUNICATIONS 


Now in addition to our work in meteorology, we are working with 
communications, and again we have an early flight planned. We 
are going to place in a satellite orbit a 100-foot sphere. This sphere 
is made of about one-half-thousandths-inch Mylar, which is a plastic, 
and is contained during the firing within a 26-inch sphere. This 
plastic sphere is folded and compressed in a small diameter aluminum 
sphere, fired into orbit, at which time it is released from its sphere 
container and inflates. The inflation comes about as a result of the 
air left in the sphere during its compression into its package, and 
materials we put inside the sphere to sublimate at high altitude and 
low pressures and provide a gas to fill the sphere. 

We have been making preliminary shots with sounding rocket. ve- 
hicles using this package, checking it and determining whether or not 
it will inflate properly. Weare beginning to understand some of our 
problems here and think we have it under control and expect our flight 
has a good chance of success. 

This chart [indicating] shows a picture of the sphere. The diam- 
eter from the floor to the top is 100 feet. You can get a feeling of the 
size from the man shown at the bottom. The sphere when it is in 
orbit will be used as a target for transmitting stations on the ground 
to bounce from it radio signals which will be received at a distance. 
In our pees currently we have a transmitter and receiver at 
Holmdel, N.J., and also one in our station at Goldstone on the west 
coast, and we will send a signal from Holmdel, bounce it off the sphere, 
and receive it at Goldstone, the distance across the country. Now, 
this program will be continued for the next several years. We expect 
to have perhaps one more firing of this sphere during this year, and 
are looking forward to placing i in orbit a number of these spheres so 
we can provide for continuous communication around the world. We 
can also, in addition to bouncing signals from the ground to the 
sphere, carry signals and relay them from one sphere to the next, 
and by establishing a series of these around the world we can get 
around-the-world communications of a broad band character. We 
would expect to be able, for example, to have a bandwidth that would 
enable the television signals to be relayed around the world. 


MOON, DEEP SPACE AND INTERPLANETARY SPACE PROGRAM 


Now, these two programs that I have been discussing are related to 
our work in applications of satellite systems for useful economic 
purposes. We have, as you know, a very strong program aimed toward 
investigations of the moon, and deep space and interpl: inetary space. 
This program has been making excellent progress. Our firing of last 
week was one firing in this group of firings. 

Here we list on this chart [indicating] the program we have laid 
ahead for the next several years. The “I” refers to interplanetary 
flights; the “L” lunar flights, and the “P” planetary flights. The one 
shown in the third quarter of the fiscal year 1960 is the one we have 
just accomplished. 

We are planning to use a DELTA vehicle to send a probe aimed 
toward the sun, and here we will include instrumentation for study of 
the sun itself and the plasma field around the sun. As you will recall 
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we had two failures of the ATLAS-ABLE vehicle last year, one of 
which was on Thanksgiving Day when we were attempting to put a 
350-pound payload package in orbit around the moon. We are con- 
tinuing this series of flight tests this year, and the flight is planned 
currently for some time this year when we will use a package quite 
similar to the one we attempted to fly last year, and we will use the 
same vehicle. These two firings are shown in the blue during the 
first and second quarters of the fiscal year 1961. 

In the fourth quarter of 1961 we are planning to introduce into our 

rogram the first of the vehicles aimed toward impacting the moon. 
Vou will recall that General Ostrander mentioned the ATLAS 
AGENA vehicle in his presentation yesterday. This vehicle will 
enable us to build a payload package with a weight of about 600 

unds that we can use to send in the vicinity of the moon. We will 
ollow our first flights, which will be experimental flights of the 
vehicle and the payload to check out the systems, with other flights 
during the fiscal year 1962 as shown here [indicating], and an in- 
teresting feature of this payload is that it will have aboard a special 
vehicle system designed so that we can allow it to be discharged from 
the main satellite and it will impact the moon with instruments to 
measure perhaps the seismic motions on the moon, its temperature, and 
some of the redistion on the surface of the moon. 

Mr. Jonas. Is it because the fall months are most acceptable that 
you are waiting nearly a year to try the next lunar shot ¢ 

Dr. Sitverstern. No, sir; that is not the reason. As a result of our 
sounding rocket program, we have been studying the characteristics of 
some of these rocket systems we are using, and one of the things we 
have encountered in our studies—information on the top stage rocket 
that we use, the so-called 248 rocket—is that it has a very high vibra- 
tion force that it puts on the payload. 

Mr. Jonas. Do you need this additional time? 

Dr. Suverstern. Yes. We have just received this information in 
the last several months, and we feel it is hazardous to fire our existing 
a on that rocket now. What we have done basically is to go 

ack and specify the design requirements of that payload in terms of 
the information we have now. This requires a new environmental 
test of the package. It will require some redesign of the structure of 
the package. We do not want to fire this until we are assured it will 
not break up in flight. It is too expensive a package to take a chance 
on it so we are going through the exercise very carefully. The con- 
tractor cannot complete this work to fly before August. 

During fiscal year 1963, and particularly in calendar 1962, the op- 
portunity arises for a flight to Venus and Mars. Now for these flights 
we are bringing into use for the first time the CENTAUR vehicle. 
As you know, the CENTAUR vehicle is scheduled to fly first in 1961. 
This is a vehicle which will give us a payload capability almost twice 
as large as ATLAS AGENA, and will enable us to take a payload of 
about 700 pounds out into interplanetary space. We are currently 
working on the design of this payload, and we would hope that in 
1962 we will be able to fire successfully to the planets Venus and Mars. 

This summarizes the lunar and planetary missions that we have in 
this time period. 
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We will now go to the next chart. I think you will be interested in 
seeing what some of these spacecraft look like that we are going to use 
in these flights. Although this [indicating] is an artist's drawing, 
it isa reasonably accurate representation of the payload we are cur- 
rently designing for this ATLAS AGENA flight which is to impact 
the moon. 

You see the space craft leaving the earth here [indicating], coming 
toward the moon with its radio antennas stretched out for both trans- 
mitting and receiving command signals from the earth. These [in- 
dicating] are the solar paddles. The counterbalanced weights are 
here [indicating], and what we have here in the middle is the vehicle 
we will use to impact the moon. This spacecraft is moving toward 
the moon probably at some velocity close to 7,000 feet per second, and 
if it were allowed to come in it would simply destroy itself on the 
surface of the moon. However at some point out in space here we 
will fire backwards to kill the velocity that this central segment has 
acquired in accelerating toward the moon and therefore reduc e the 
speed of the impacting body so as to make it possible to survive on its 
impact on the moon’s surface. As we approach the moon we will fire 
a rocket here backwards, away from the payload, and thus slow its 
relative speed with respect to the moon. 

Mr. Jonas. A concept of putting on the brakes. 

Dr. Strverstern. It isa way of putting on the brakes. 

Mr. Ruopes. When will that be ¢ 

Dr. Sruverstern. 1961. 

For our CENTAUR flight we have the general configuration of 
the vehicle which will be quite similar to that of the AGENA. It will 
be larger and heavier, and will require that we carry along higher 
wattage transmitting equipment and more technical equipment to as- 
sure success of the flight from the standpoint of guidance and terminal 
flight characteristics. This spacecraft is currently under design. It 
requires a long leadtime to produce this equipment. It is expected 
there will be about a 3-year leadtime to actually go through the de- 
velopment required to produce this spacecraft. 

Mr. Ropes. Wi hat do the solar pad lles do? 

Dr. Stiverstern. The solar paddles are made up of a whole series 
8,000, 10,000, 12,000—of small silicon cells, and these cells make a direct 
conversion of heat energy into electrical energy. It is a principle of 
physics. The particular characteristics of these materials are such 
that youn can convert energy directly, and this current flows into the 
system that charges batteries and serves as a storage unit, and then the 
current is used up in the transmission and operation of instruments. 
and then there isa recharging period. It isa great deal like the system 
you have in your garage to keep your battery charged. 

Mr. Ruopes. How long will it continue to transmit from the moon, 
or from a planet / 

Dr. Strverstern. Of course, this is the type of information we are 
trying to learn from our current flight. Our current flight is serving 
as a backup in a sense to these later flights in providing us answers 
to the question you have asked. TI can only say now we have caleu 


lations of this. and we think we will be able to transmit from long 


distances, distances from the planets, but we do not know vet. 
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MERCURY PROGRAM 


Now, one of our major programs, as you know, is the MERCURY 

program. It is a program being car ried along in our organization 
with the highest priority. I think we have outlined this program to 
you recently in our supplemental hearings. I will not go into a great 
deal of det tail now regarding the components of the system. "This 
[indie ating | is the flight schedule. We have shown here one addi- 
tional LITTLE JOE flight. We have accomplished this one success- 
fully. It was included on the chart that Dr. Dryden presented 
yesterday. 
" We have REDSTONE flights scheduled during the fiscal year 1961 
which will serve to first qualify the capsule and its instrumentation 
in suborbital flight, in ballistic flight, and as we move along in this 
REDSTONE program we will reach the point where we “feel the 
characteristics of the system have been checked out adequately and 
we will be able to put aboard a man. It is intended that this man 
will be qualified in his flights as a result of some 5 or 6 minutes of 
weightless flight. The REDSTONE flights, of course, are prelim- 
inary to the ATLAS orbital flights. 

First, we have in our ATLAS program several flights that are sub- 
orbital. These are qualification flights of the McDonnell capsule. 
Dr. Dryden discussed with you yesterday the flight called BIG JOE 
that. involved the firing of a capsule on a suborbital path and studied 
the heat shield and the motions of the capsule during its flight. We 
repeat this now with the actual final flight capsule that is being pro- 
duced by McDonnell Co. in these early flights. As we move along, 
we will follow the suborbital flights with orbital flights shown in 
green here [indicating]. The flights here will qualify the equipment 
for longer periods of time. They will bring into play our tracking 
systems and provide a means for checking out our whole tracking 
systems. We will fly perhaps with a chimpanzee before we put a 
man aboard to find out whether or not there are certain physiological 
effects on the animals that should be taken into account tion we fly 
the man, and then we will move into our manned flight program. If 
things move without too much difficulty, if we find that our engineer- 
ing designs and our estimates of the situation are correct, we would 
hope during the calendar year 1961 we would be able to fly a man 
successfully in orbit. 

That summarizes the program. 

I have a further chart which shows the costs that are budgeted for 
the separate elements of the program. 

Mr. Ruopes. When is the first suborbital flight scheduled with a 
man on board ¢ 

Dr. Strversrern. Hopefully this year 

Mr. Ruopes. This calendar year? 

Dr. Sinverstrern. Yes. All of these dates we preface by saying we 
will not fly the man until we have suitable assurance the equipment 
that he will fly in is properly qualified. 

Mr. Tuomas. That was a fine statement, Doctor. We always enjoy 
listening to you. 

Dr. Guennan. Mr. Abbott is next. With respect to these dates for 
flights, we are pinpointing them only to the extent of the quarter in 
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which they will occur up to the next 18 months, and beyond that only 
with respect to the year in which they will occur. 
Mr. Tuomas. You correct the record anyway you want. 


STATEMENT OF THE Drirecror, Orrice or ADVANCED RESEARCH 
PROGRAMS 


Mr. Azporr. I want to talk to you about NASA’s advanced research 
activities because it is through these activities that we produce the 
research information that is needed to permit the design and devel- 
opment of the advanced vehicles about which you have been hearing, 
and which will be needed as the Nation’s space program progresses, 

We use the term “advanced research” to include the following ac- 
tivities: 

First, the conduct of objective research to produce the technologi- 
cal background that will be needed for manned and unmanned explora- 
tion and use of space. 

Secondly, the use of these research findings to generate new con- 
cepts for missions of the future, and finally, the provision of assist- 
ance in the application of these research findings to make sure this 
application is a prompt and effective one. 

We provide this assistance through consultation, special studies, 
and specific tests while the design and development of these vehicles 
goes on, and provide it both to Dr. Silverstein and General Ostran- 
der’s shop within the NASA, and also to the military services and 
other governmental agencies. 

As you know, most of this research is being conducted at the NASA 
research centers which were the former NACA laboratories. We are 
conducting there a broad program of advanced research, by far the 
greater part of which is directly associated with NASA’s mission of 
space exploration and use. 

Mr. Tuomas. How many laboratories are you building this year? 

Mr. Axsorr. I am afraid I do not quite understand your question. 
We are not building any laboratories. We have the four research 
centers with which you are familiar. We are in the program for 
about $21 million worth of new construction at these research centers. 

Mr. Tuomas. You call them laboratories in your justifications. You 
are building one at Goddard. You are building one at Huntsville and 
you are building one down at Langley. 

Mr. Asporr. I am talking specifically about the research centers— 
Langley, Ames, Lewis, and the flight research center. 

Mr. Tuomas. You are asking for new laboratories to evaluate the 
research effort before you turn it over to the two operating groups. 

Dr. Giennan. I think we are building two so-called laboratory 
buildings at Lewis and two more at Langley. 

Mr. Ansorr. Yes; there are four major pieces of construction. 

Dr. GLENNAN. I am speaking only of the ones where he has respon- 
sibility. 

DISTRIBUTION OF RESEARCH EFFORT 


Mr. Apsorr. Well, we are continuing, however, to carry out our 
responsibilities to conduct. research to support and guide our Nation’s 
activities in aeronautics and missiles. The aeronautical research, 
however, has been greatly reduced. This reduction reflects the chang- 
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ing emphasis and importance of military programs from aeronautics 
to missiles and other activities. This reduction is also in accordance 
with the growing capability of industry and other governmental agen- 
cies to conduct certain kinds of research for w hich the country for- 
merly looked primarily to the NACA. At the moment our research, 
as I said, is primarily associated with the NASA space mission. 

Mr. Tuomas. Are you still using 25 percent of your assets and 
manpower and dollars in your laborator' ies in research for aviation? 

Mr. Assorr. This next chart shows the distribution of the research 
effort at the research centers on December 15, 1959. 

The data on this chart are from a special survey which was con- 
ducted on that day. On December 15 we sent a telegram to each 
of the research centers asking them to analyze the time charges of 
every man in the center with regard to the applications of the research, 
using the headings shown on this chart | indicating]. 

Now, a great deal of judgment is of course necessary to assign the 
most probable application for the research. This is especially true 
in the more fundamental research areas where the final applications 
are frequently not at all clear. However, the research people them- 
selves who made this assignment are I believe the people who are 
best able to do this. 

This summary shows that as of that day over two-thirds of our 
effort was directly associated with NASA’s space mission; something 
over one-fifth was connected with manned aircraft and about 11 per- 
cent on missiles. 

Now the type of work we are doing on missiles these days, which 
is primarily in connection with ballistic missiles and antimissile mis- 
siles, is very closely connected with the space mission work; in fact, 
researchwise it is hardly distinguishable, so we have about four-fifths 
of our work in connection with the space mission and about one-fifth 
left for manned aircraft. 

Mr. Osterrac. In connection with missiles, where do you and the 
Defense Department come together on this? After all, they are in- 
volved in research in missiles. Where do you stop and they pick up? 

Mr. Asrorr. We still are doing to this small extent exactly the 

same type of work as the NACA did for the Department of Defense. 
We have special skills and special facilities which other people do 
not have, and we use these to help out the Department of Defense in 
regard to special problems they encounter, and also, looking into 
the future, to obtain information for the guidance of their work. 
This has been going on, as you know, for over 40 years, and it has 
worked out extremely well. Most of our manned aircraft research 
activity is of that same type. 

Mr. Osrertrac. Are you involved in the B-70 also? 

Mr. Asrorr. Yes. Weare supporting the B-70. 

I think it is especially noteworthy to point out that over a quarter 
of the total effort was connected with manned space flight. This 
very large effort is not only supporting in a very intense way the 
MERCURY project which is going on today, but it is looking into 
the future to the more sophisticated manned flights on which T shall 
have more to say later. 

Mr. Tuomas. Do you have anything more advanced in the way 
of sophistication than the B-70? 
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Mr. Ansorr. Yes. The B—-70 I would not call manned space flight 
at all. That is a supersonic cruise airplane. It will cruise at about 

2,000 miles per hour which is not space flight. 

Mr. OsterraG. That would come under the 21.8 percent ? 

Mr. Assorr. Yes. 

Mr. Ruopes. I have trouble getting this 21.8 percent because I 
imagine the elements involved there are subsonic which is 5.2; hyper- 
sonic which is 5, VTOL which is 5.4 and supersonic 11.4 which adds 
up to 25 percent. Somebody made a mistake. 

Mr. Asporr. Did Imakea mistake / 

Mr. Ruopves. They left out the subsonic. Your 3.2 plus 21.8 is 25 

Mr. Axsporr. I am sorry, there is an error. I take the responsi- 
bility for that. 

Mr. Ruopes. What about the hypersonic work? Do we have a 
name for that sort of thing? 

Mr. Assorr. Work on hypersonic aircraft reflects primarily the 
work we are doing on the X-15 airplane at the moment. The speed 
is above mach 5. However a small amount of very exploratory re- 
search is going on to determine whether it is sensible or not to go 
ahead with hypersonic cruise aircraft. This is a very small effort. 


USE OF AIRPLANES FOR MILITARY PURPOSES 


Mr. Tuomas. You people should have as good judgment on the 
question of the future use of airplanes for militar y purposes as any- 
one since you are in the research and development field and have 
been for 40 years. What you are doing on any given day ought to 
be an indication of what will happen 10, 12, or 15 years in the future. 
You are supposed to be that far ahead of what is actually operating 
at any given day. It is generally thought among some people in the 
aviation construction business that they will be out of business in any- 
where from 5 to 10 years but you are spending 25 percent of your 
dollars and time in research in a field that is generally thought to be 
on its way out. 

Mr. Asporr. I would like to say about that, Mr. Thomas, that you 
will recall just a little while ago 100 percent of this effort was on this 
type of thing, so this does represent a very large reduction of effort on 
manned aircraft which I think is consistent with the decreasing im- 
portance and emphasis that is being given to manned aircraft. How- 
ever, far from being on its way out, I think we have a paradox here 
in that at the very moment when attention is being attracted to mis- 
siles and space activities, aeronautics itself is on the threshold of new 
things which give promise of far greater advances than we have ever 
seen previously. 

For instance, take the supersonic cruise aeroplane. Present day 
aeroplanes cruise subsonically, if they cruise any distance at all. 
Certain craft, such as the B-58, have the capability of supersonic 
dash for short distances. We now see the distinct technical possi- 
bility, in fact the probability, of aeroplanes which will be large and 
economical and which will be capable of cruising at 2,000 miles an 
hour, or even faster, for very long distances, with economy which 
would be quite comparable to that being achieved today in our com- 
mercial jet transports which cruise at high subsonic speeds. 
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Now the military has not given up their desire for such aeroplanes 
as evidenced by the fact the B—70 is still being ¢ ontinued, although at 
a lower rate. The future of such aircraft for | commercial transporta- 
tion almost shakes one’s imagination when you think of what has 
happened from the ‘ucla of our present-day jets which only 
increased the speed by 200 or 300 miles an hour. Now we are talking 
about an increase in speed from 600 miles an hour to 2,000 miles an 
hour, or thereabouts, in one jump. At the same time, VTOL air- 
craft, which is at the other end of the speed scale 

Mr. Tuomas. Of course there is no unanimity of opinion among 
the military people, the White House and the Bureau of the Budget, 
but suppose there is unanimity of opinion, and suppose you get this 
plane up to where it will go 3,500 miles an hour at 150,000 feet. What 
useful purpose will that have as a military instrument against a 
missile ¢ 

Mr. Assorr. I would prefer to leave the answer of the military 
usefulness of such a plane to the military services. 

Mr. ‘Tromas. They have a lot of answers. They will do a lot of 
tricks that a missile cannot do, but as a general proposition it looks 
like it is still on its way out if we are going to develop missiles. 

Mr. Osrertac. W ill the chairman yield? Right on that point— 
the military’s efforts and development and yours—the B-70 for ex- 
ample is programed for research, or development to the tune of 
perhaps $150 million at the current level. That, as you say, is a 
reduction, but at least a considerable sum is being used for the devel- 
opment, or the research with regard to the B-70. 

Now, you are associated with research in aircraft of that kind. Do 
you continue your research in that particular thing, or do they pick 
up where you leave off? After all, you both have been involved in 
research in an aircraft of that kind. 

Mr. Assorr. I think I can answer that best by giving you the story 
on the B-70. We produced the basic research information that made 
the B-70 possible. 

Mr. Osrerrac. You originated it. 

Mr. Ansorr. We did not originate the project, but we did do the 
research that showed such a project could be originated and carried 
through to completion. Then the Air Force made a contract with 
North American Aviation to develop the airplane. Immediately this 
happened our type of activity changed completely from general re- 
search on this aeroplane to the spec ific problems which the designers 
were encountering in trying to translate the general research into a 
piece of hardware, and this is the type of work we are doing now. 
This is largely a matter of consultation with them, specific testing in 
our wind tunnels to determine whether they can do it better this way 
or that way, as the case may be, but all within the framework of re- 
search activity. Our activity on the B—70 at the present time is limited 
to that. 

We are still in the area of general research relating to the super- 
sonic transport, which would more or less fly at the same speed, but 
we are about approaching the end of that, too, so that unless some- 
body picks up the design of one of these transports, we will be phas- 
ing out of that activity. 
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Mr. Osrertac. So there is a certain amount, but a small amount of 
overlapping as between your research and theirs in the development 
of a weapon of that kind ? 

Mr. Azporr. I think it depends on what one means by overlapping. 
Our activities are interlaced. 

Mr. Osrertac. We will put it that way; good. 

Dr. Drypen. Mr. Chairman, may I say a word about manned air. 
craft? I don’t believe that the military will ever get along without 
airplanes. They may not have them in the same numbers. I think, 
myself, that the pendulum may have swung a little bit far. We are 
all familiar with what happened when the Russians put up a space 
vehicle. I regret to say that if the Russians put up a supersonic air- 
plane, you will see this country again scrambling to regain the lead 
in supersonic airplanes. I regret to see our programs determined by 
what somebody else does. I think we must maintain a capability and 
a competence in high speed aircraft. Otherwise, we are headed for a 
period which can ‘be dangerous. A missile can shoot one airplane 
down just as one bullet from one gun can kill one soldier. Neverthe- 
less, in a war, it is not quite as simple as that. 

Mr. Osreras. It was my desire to bring out the relationship be- 
tween the two, so that there is a reasonable amount of coordination. 
I would like to raise this question on this B-70 before I leave it. 

Does the B-70 today incorporate the new wing which you people 
developed? And if it does not, is it not obsolete? 

Mr. Assorr. The B-70 is not obsolete. 

Mr. Osrertac. I donot mean the B-70. 

Mr. Assorr. I don’t know specifically which wing you refer to 
with regard to the wing that we developed. We have worked on 
several possible configurations, including wing shapes, for such an 
airplane. Now the question as to whether one of these configurations 
is better than another one depends in the final analysis on all the 
compromises that the designer has to make. The designer is using 
one of these concepts and we have every reason to believe that it will 
be a very successful flying machine. 

Mr. Ostertac. That isall. 

Mr. Tuomas. Getting back to what Dr. Dryden said a while ago, 
I think he is certainly correct in his general conclusion that the air- 
plane is here to stay; but for the transportation of a warhead, do you 
think the airplane is here to stay, Doctor? 

Dr. Drypen. I think there will be many situations in which the 
airplane will be used for delivering warheads. 

Mr. Horner. The simple way to understand this, Mr. Chairman, 
is to recognize that missiles generally are instruments of total or gen- 
eral war, whereas aircraft are more useful in the limited war situation. 

Mr. Tuomas. You have tactical missiles. They go 25, 40, or 50 
miles. 

Mr. Horner. Even the tactical missiles are so deployed as to sup- 
port general war and it is hard to foresee most limited war situations 
where you would use tactical missiles because they, too, are armed 
with nuclear warheads. 
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DISTRIBUTION OF RESEARCH EFFORT 


Mr. Assorr. If I might go on, I have shown on this chart the 
planned distribution of effort at the research centers for fiscal year 
1961 consistent with the budget figures which are before you. This 
time the distribution of effort is show n by program area, which is 
another way of looking at it, and they are arranged here in order 
of decreasing effort. ‘The large emphasis which is shown here on 
hypersonic aerodynamics and flight mechanics is for the most part 
directly associated with space activ ities, particularly the reentry prob- 
lem which I will have more to talk about later. The chemical rockets 
research, which comes next, is, I think, of obvious importance; then 
the emphasis on materials and structures research is also fairly ob- 
vious and has to do primarily with the high temperature problem 
which is associated both with rocket engines and with the aerody- 
namic heating during reentry from space. 

The smaller activities which are shown down here generally fall—lI 
think all fall in either one of two categories. They are either new 
areas in which we are just beginning to get going, such as this power 
generation research and the electrical rockets research, or they repre- 
sent other areas in which we are phasing out, such as the jet engine 
research, which only 2 years ago was a very large effort, and would 
then have fallen up in here someplace. 

Mr. Tuomas. Doctor, in your figure of 25 percent of your total effort 
on manned aircraft, is that not a little small? What was it during 
fiscal year 1959 and 1960 ¢ 

Your figure of 25 percent applies to 1961 and 1962, does it not ¢ 

Mr. Asporr. The figure of 25 percent applied to about the December- 
January period this year and I do not think that it is going to change 
very rapidly i in the future, unless some policy decision is made that we 
get out of aeronautical research. 

Mr. Tuomas. What has it been during the last 12 months? 

Mr. Assorr. About a year ago it was on the order of 50 percent in 
round numbers and the year ‘before that it would have been two- 
thirds or three-quarters. 

Mr. Tuomas. And right today it is about 50 percent, is it not? It 
is nearer 40 to 50 percent than 2 5 percent. 

Mr. Assorr. On manned aircraft, no, sir. I don’t think so. 

Mr. Tuomas. What would you say it is as of today ? 

Mr. Azzorr. It is about 25 percent. 

Dr. Drypen. This 1-day sample was within a few percent of the 
average which we would find for a longer period around this par- 
ticular time. 

Mr. Asporr. The 1-day sample was made on December 15. It is con- 
sistent, within 1 or 2 percent of the results we get through our regular 
reporting procedures and it represents quite aptly, T believe, our 
current ae of affairs. 

As I say, how much we can decrease this in the future is going to 
depend on poli y decisions; if we are going to continue to support 
seronautics in the special areas in which only we have the capability 
vf doing it, this figure is not going to decrease very fast. 

Mr. Tuomas. Go ahead, Doctor. 
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ADVANCED RESEARCH 


Mr. Axssorr. In opening this talk I mentioned objective research. 
Some of our general objectives are indicated on this vehicle spectrum 
chart. I would like to point out that at the research centers we do not 
design or develop vehicles. Our job is to do research to solve the tech- 
nical problems that will be encountered in these vehicles. 

We do, however, seek out and identify problem areas in which 
sufficient information is not available to permit good engineering 
approaches to be made and then through theoretical and experiments i 
research we produce the information that is required to reduce these 
problem areas to the point that solutions are within the capability 
of the engineering community of this country. This was the nature 
of our activity in connection with the X—15, between about 1952 and 
1957; between about 1953 and 1958 we produce ed the concepts that 
led to the DYNASOAR project, to the blunt ballistie missile nose 
cones for our ballistic missiles and also for Project MERCURY. 
The other vehicles shown on this chart reprevent some of the research 
problems on which we are now trying to identify problems and do 
the research that will be required for future design. These include 
such things as manned space stations, lunar vehicles, and space ferries, 

I would like to turn now to one example of research that was con- 
ducted in the past which is being applied directly today to vehicles 
that are now being developed. This example, incidentally, is the 
same one that Dr. Silverstein mentioned yesterday morning, the re- 
search on the liquid hydrogen-oxygen rocket which has contributed 
to the CENTAUR rocket engine and “hich is also providing the 
basis for powering the upper stages of SATURN. as mentioned yes- 
terday by General Ostrander. 

Now. liquid hydrogen has long been recognized, since far back in 
the last century, as a matter of fact, as a very good high energy fuel. 
However, certain characteristics, such as its low density and the ap- 
parent hazards of use have tended to discourage its consideration 
as a practical fuel. 

About a decade ago the Atomic Energy Commission had require- 
ments for liquid oxygen which led them to sponsor research which 
made it possible to produce and handle liquid hydrogen in a fairly 
satisfactory manner. Encouraged by these Atomic Energy Com- 
mission results, the NACA in 1953 undertook research to see whether 
liquid hydrogen could be applied to improve the performance of 
rocket engines. We encountered a number of problems in this. 

The liquid hydrogen-oxygen flame is, of course, a very hot, intensely 
burning flame. The combustion chamber and nozzle is cooled by the 
liquid hydrogen itself, which later is burned inside of it. In order 
to do this. we had to study the heat flow rates and thermal charae- 
teristics of liquid boiling and gaseous hvdroge on. Asa rseult of these 
studies and a considerable amount of experimental verification we ar- 
rived at mathematical procedures for designing these cooling passages 
so that they would coo] the chamber 

Mr. Tuomas. This was an experiment carried on by Dr. Rothrock; 
where is he now ? 

Dr. GuennaAN. Here in headquarters as part of the long-range plan- 
ning team handling the propulsion end of it. 
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Mr. Asporr. The very hot fast-burning hydrogen flame burned up 
the-mjector plates which were designed according to best information 
at the time and a great deal of research had to be ‘done to find out how 
to keep these plates from being destroyed by this intense heat. Asa 
result of this research from 1! 53 on, we succeeded at Lewis in operat- 
ing a laboratory test chamber producing 5,000 pounds of thrust in 
November of 1957 and in December 1957, one of 20,000 pounds of 
thrust. 

As a result of the success of this research, the Air Force let a con- 
tract with Pratt & Whitney for the CENTAUR engine in 1958. Be- 

cause of the availability of the previous research results the contrac tor 
was able to make very rapid progress in this, leading to a flight engine 
in a really exceptionally short period of time, and as mentioned be- 
fore, these same concepts are being applied to the upper stages of 
SATURN. 

Now, this } is an example of research which is essentially completed 
as far as we are concerned, although we will continue to aid in the 
development pe these flight artic ‘les as problems are encountered and 
will provide consultation with the designers and developers. We 
will assist in every way we can, but essentially our basic research is 
complete. 

PLUMBROOK REACTOR 


Now I would like to turn to problems on which we are working now, 
which will be applied to the future. Inasmuch asthe reactor at Plum- 
brook was mentioned several times yesterday, I have selected a prob- 
lem or two there as examples. 

This Plumbrook reactor is a research tool. It is a materials test 
reactor, Which means that it is also very useful as a tool for work on 
heat transfer under these conditions, a field in which the NASA and 
NACA did a great deal of research. The status of the reactor is that 
it is essentially complete. We are now in the period of arranging for 
an operating permit. First hearings have been held, original inspec- 
tions have been made and we expect to get this operating permit and 
be operational sometime early fall at the latest. 

Mr. Tuomas. What did that installation cost up to date? 

Mr. Asporr. To be accurate, I would have to put the figure in the 
record but everything put together, there is something in the neigh- 
borhood of about $7 million. 

Mr. Utmer. About $11 million. 

Mr. Tromas. It is not in operation yet, though ? 

Mr. Asnorr. No, sir. 

I have taken one of General Ostrander’s charts which you saw here 
yesterday to indicate the nature of some of the problems in which we 
are doing work. You will recall this nuclear rocket which was shown 
to you, which consists of the reactor and a great deal of tankage and 
other equipment to carry the liquid hydrogen. The principle of this, 
of course, is that the liquid hydrogen flows down through a turbine 
pump and is pumped through the reactor which heats it to a very high 
temperature and then it exits out through an exhaust nozzle. The 
actual flow is much more complicated than that as shown by all of 
these lines, but this is the essential principle. 

Now, you will notice that we have here a large amount of tankage, 
piping, and other equipment. which is operating essentially at the tem- 
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perature of liquid hydrogen, which is pretty cold. It is about — 420° 
F., I believe. At these low temperatures materials change their char- 
acteristics a great deal. Many metals become brittle, ‘for instance, 
This is bad enough for static structures, but in addition we have high- 
speed rotating parts, bearings, seals, and other things to contend with. 
These problems had to be solved, of course, in connection with the 
liquid ky ydrogen-oxygen rocket as well. In this case we have the ad- 
ditional problem that these very cold parts are subjected to intense 
radiation from the reactor. 

Now, metals at room temperature and higher temperatures show 
an exceptional resistance to radiation damage, as compared with many 
other materials. It is thought that this resistance 1s due to a very 
large extent to a sort of self- -mending or healing process in which, on 
a submicroscopic scale, individual atoms and molecules migrate within 
the crystals and the crystal boundaries to repair dislocations that are 
caused by the radiation. At these very low temperatures this ability 
of the atoms or molecules of the metal to migrate is strongly inhibited 
and very little, in fact, practically nothing is known about the radia- 
tion damage of metais at these very low temperatures. Consequently, 
one of the very first projects in this Plumbrook reactor will be a series 
of tests to explore this radiation damage to materials, primarily 
metals, which are exposed to intense radiation at temperatures similar 
to those encountered with liquid hydrogen. I think you can appre- 
ciate this is a very important problem which has to be investigated 
very soon if we are to have assurance that we can actually build these 

rather complicated pieces of equipment which will be required for a 
nuclear rocket. 

Mr. Tuomas. Is the AEC not carrying on exactly those same 
experiments? 

Mr. Assorr. No, sir; they are not. The AEC, of course, has re- 
sponsibility for the design and development of the reactor itself. 
They do not have the responsibility for the design and development 
of the remainder of the vehicle. We are closely cooperating, in 
continual consultation with the AEC, about what we do and what 
they do to avoid overlapping of this type. 

Mr. Osrerrac. Then the atomic energy aspect of it is still in their 
hands. You are just associating the rest of it with the reactor as- 
pect, is that right ? 

Mr. Azgort. This is primarily correct, yes. However, in coopera- 
tion with the AEC we do do work on materials and heat transfer 
which does affect the design of the reactors themselves. We do pro- 
vide the AEC with some information of this type which they do not 
get for themselves. 

Mr. Tuomas. You are going to have to build a laboratory in order 
to test your metals separately and above your already existing Plum- 
brook Institution, are you not? 

Mr. Assorr. Of course, all the materials work will not be done at 
Plumbrook, but this particular job I mentioned of the radiation 
damage at low temperatures will be done in the Plumbrook reactor. 


PROJECT ROVER 


Mr. Yates. Mr. Abbott, I have here an editorial from the Evening 
Star, which indicates that the Bureau of the Budget had allotted 
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only $5 million to the AEC for Project ROVER, which is what you 
are talking about now, is it not ? 

Dr. Drypven. I can clear up this situation. 

In the cuts made by the Budget Bureau there was a reduction in 
the overall amount to the AEC which did involve a cut in ROVER. 
An appeal was made by the AEC to the Budget Bureau and we sup- 
ported this appeal by attending to the technological value of the 
program; as is frequently the case, AEC reprogramed additional 
money into ROVER, so that that situation has been corrected. 

Mr. Yates. They programed another $16 million, apparently. 

Dr. Drypen. Yes, sir. 

Mr. Yates. You have $21 million allocated for this project ? 

Dr. Drypen. AEC has; we have 514 million in our budget. 

Mr. Yates. Is that adequate for this program ? 

Dr. Drypen. Yes. At the present time the major work is in the 
reactor development. We have developed the pump, we are develop- 
ing the nozzle, and the turbine to drive the pump. Our expenditures 
will begin to pick up next year. 

Mr. Osrertrac. You have 514 and they have 21? 

Dr. GLENNAN. They have more than that. Actually, they are build- 
ing— 

Mr. Yates. How much do they have ? 

Dr. GLENNAN. $34 or $35 million, I think, something like that. 

Mr. Osrertac. For this project? 

Dr. Drypen. Yes, sir. The rest of it is in the construction side, in 
construction of test facilities in Nevada. 

Mr. Yates. For construction of test facilities for this project, but 
for the development of the reactor itself there is $21 million allocated ¢ 

Dr. Drypen. That is right. 

Mr. Yates. Isn’t this supposed to be the real, the ultimate—not the 
ultimate weapon, but the ultimate in space technology? Isn’t this 
what you are looking for? 

Dr. Drypen. For the very long-range and difficult missions, the 
time scale of this project calls for a breadboard engine in 1964 as I 
remember, or maybe 1963. 

Dr. GLENNAN. 1963, I think. 

Dr. Drypen. 1963 for the breadboard engine. Then we will have 
the responsibility of contracting with industry to make a flight en- 
gine, based on their breadboard engine. 

Mr. Yates. That really is not an answer to my question. DoTI mis- 
understand the basic importance of this experiment ? 

Dr. Drypen. What I started to say is that it will come into use in 
space vehicles somewhere from 8 to 12 years from now. It is a longer 
range development which holds the potentiality of a tremendous in- 
crease in the payload, say, for a mission to Mars. Its value in an 
Earth satellite mission or a mission to the Moon is relatively small. 

Mr. Yates. Why is that? 

Mr. Horner. The weight of the reactor. There is a minimum 
weight for this type system. 

Dr. Drypen. We cannot build a small, light reactor. It has to be 
a pretty heavy thing. If we wanted to use it to put extremely large 
weights in an earth orbit, such as a manned laboratory it would be 
difficult to use unless we could solve the shielding problems. 
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Mr. Botanp. Are you pressing this project ? 

Dr. Drypen. Yes. 

Mr. Assorr. We are pressing research; yes, sir. 

Mr. Botanp. How many people do you have working on research 
for this particular problem in this program ? 

Mr. Assorr. As I said before, right now the Plumbrook reactor 
is not in operation, but we will have in 1961, on this, about 320 people 
all told, of whom about 107 will be research professionals during the 
fiscal year for which you are examining the budget. 

Mr. Botanp. This particluar problem i is not of immediate concern, 
This is something which will not be realized in the next 2 or 3 
years ¢ 

Dr. GLENNAN. It is a long range. 


SATURN PROJECT 


Mr. Botanp. Why don’t you put some of those people on the SAT- 
URN project and save money, on the effort of NASA, which appears 
to be the most urgent. 

Dr. Drypen. There is a temptation, of course, to stop all long- 
range work. 

Mr. Botanp. We do not want to stop it. 

Dr. Drypen. The ROVER engine is a longer range thing, so when 
you say to us cut out so many people or cut out money, the tempta- 
tion is to do the things that we are lined up to do in the next few 
years and to slow up the things that we cannot realize for 5 or 6 
or 7 years. 

Mr. Botanp. W hy can’t we slow BP} What is the difference if we 
do slow it up for the next few years? 

Dr. Guennan. Mr. Boland, we are jumping from $70 million this 
year, expended on SATURN, to $230 million next year, and the man- 
power assigned to that is apt to be upped by 50 percent. 

Mr. Horner. One hundred percent over last year. 

Mr. Boranp. This is all the money and manpower you can use on 
the SATURN project for fiscal year 1961? This is all you will need 
and you do not need a dime more or another body? You won’t move 
any faster if we give you more money or more people? 

Mr. Osrerrac. Would it not be difficult to get more people ? 

Dr. GLennan. Let. me answer this question first because anybody 
who sits here and says, “I cannot use one more man or one more 
dollar,” is not being very realistic. On the other hand, there is a pace 
at, which these things can grow and there is a period of time which 
cannot be shortened eee much. 

We have cut 1 year, give or take a month, off the SATURN sched- 
ule, with the $113 milfion acceleration we are putting into it at. the 
present time. 

Dr. von Braun will tell you tomorrow, in his own words, whether 
or not this is adequate. In my opinion it is. I would not think that 
we would gain another 2 months if we added another $200 million 
to that project this year. I think this is a reasonably accurate state- 
ment, 
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BUREAU OF THE BUDGET REQUEST 


Mr. Yates. How much money did you ask the Bureau of the Budget 
for? 

Dr. GLENNAN. For what? 

Mr. Yares. How much money did you ask the Bureau of the Budget 
for ¢ 

Dr. GLENNAN. For SATURN? 

Mr. Yates. For the whole program. 

Dr. GLENNAN. Our original request to the Bureau of the Budget 
totaled $783.3 million. The Bureau of the Budget allowance was 
$802 million which included $140 million funding for the SATURN 
yroject and $36 million for other work at the Huntsville facility. 
These latter two amounts, originally included in the Department. of 
Defense budget estimates, were not part of the original NASA $783.3 
million request. 

Subsequently, the President approved a $113 million amendment to 
the 1961 budget for acceleration of the large booster program in res- 
ponse to our request for $125 million. 

Mr. Yares. They allotted you / 

Dr. GLENNAN. $915 million. 

Mr. Yates. Where was the cut ? 

Dr. GLENNAN. It was in a number of areas, Mr. Yates. 

Mr. Horner. Construction probably was one of the major areas 
cut. back. 

Mr. Yares. Construction of facilities ? 

Mr. Horner. Construction of facilities. 

Mr. Yares. Will those slow up major programs ? 

Mr. Horner. As Dr. Dryden mentioned, when we have to take 
cuts, most of the cuts are taken in the long-range research facilities; 
the research facilities that Mr. Abbott talks about here are the distilled 
products of this budgeting process and they are what we feel to be 
absolutely the most necessary research facilities to carry on. 

Mr. Yarrs. Is this a minimum program you are presenting to this 
committée ? 

Mr. Horner. I donot know that it is a minimum program. 

Mr. Yares. You say this is the distilled effort. Presumably you 
distill it to a point where you come up with the pure essence. This 
sort of an explanation connotes to me a minimum program. 

Mr. Horner. We feel it is the minimum program as far as sup- 
porting research facilities is concerned, that is true. 

Mr. Yates. Should you be doing more ? 

Mr. Horner. In many respects we would like to be doing more. 
We face the fact that we are managing this program in company with 
a lot of other Government programs that also demand resources, as 
Dr. Glennan mentioned. We did not get all of the resources that we 
requested from the Bureau of the Budget. 

Mr. Yares. I would like to know what was cut out by the Bureau 
of the Budget. I do not like to interrupt Mr. Abbot’s statement, 
but I would like somebody to testify as to that later, if they will, Mr. 
Chairman; you could have somebody testify as to the essentiality of 
the programs eliminated by the Bureau of the Budget. 
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Mr. Osrerrac. How does the budget compare with the authori- 
zation ? 

Dr. GLENNAN. It is identical. 

Mr. Tuomas. They crossed all the t’s and dotted all the i’s. 

Mr. Botanp. That committee did ? 

Mr. THomas. Yes. 

Mr. Osrerrac. You mean the $915 million budget request before 
us is identical with the authorization ? 

Dr. GLENNAN. Exactly, sir. 

Mr. Ostertac. In other words, the Bureau of the Budget could 
not give you more money, could they ? 

Dr. GLENNAN. The amounts approved by the Bureau of the Budget 
in the authorization bill are identical with the amounts approved for 
the appropriation bill. If the Congress votes us more money they 
might impound it, but I doubt they would. 

Mr. Osrerrac. What I am getting at is this: You have to have au- 
thorization before you can have money. 

Dr. GLENNAN. The legislative committee did not exceed the amount 
which was requeste od. 

Mr. Yates. Did you only request the amount that the committee 
gre anted to you?! ¢ 

Dr. GLENNAN. We requested $915 million and that is what they 
granted. 

Mr. Yates. Did the committee ask you how much money you had 
requested from the Bureau of the Budget ? 

Dr. GLENNAN. Yes, sir. 

Mr. Yates. They came up with this amount? 

Dr. GLENNAN. Yes. 

I think, Mr. Yates, one ought to say that here, again, we are driving 
a program forward with urgency along a rather broad front. It is 
our considered opinion that we have a well-rounded program. By 
that, I donot mean anything that is static. 

One could always do very much more with very much more money. 
If we were to get more money today, I would, I think, insist that the 
first use of that money be in support of these projects we are giving 
to you today in the sense that we would perform more ground tests, 
we would attempt more thorough development of component parts, 
more advanced development, but we would not, in the first instance, 
lay on a lot of additional programs. 

‘We would seek to gain greater assurance that when we reached 
that point in time when we wanted to make a firing, we had a good 
chance for success. 

Mr. Yates. Mr. Chairman, with your permission, may I read a 
quote from the magazine Air Force and Space Digest for March 
1960, which is an extract from the first interim report on Project 
Mercury prepared by the Staff of the House Committee on Science 
and Astronautics. 

Admittedly, this is your No. 1 project, is it not, Project MER- 
CURY? 

Dr. GLENNAN. Yes, sir. 

Mr. Yates. That is what the quote says: 

At the present time Project MERCURY is our only program funded and actu- 


ally underway for putting man into orbit. Considering the number of challenging 
néw techniques which must be mastered to make a space flight a success, there 
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is question whether the national interest is best served by the single approach 
to this problem. The only provision against the hazards of all eggs in one basket 
has been to have backup contracts on those components for MERCURY which are 
most likely to provide trouble. There are a number of very promising alternative 
approaches to putting men in space. By setting a limit on testing these concepts 
through exclusive adoption of the MERCURY approach, the Nation is risking the 
loss of extremely valuable development time. 

The country cannot support a large number of approaches in competition with 
all the other demands on fiscal and personal resources, but at the same time, the 
failure to develop in parallel, at least one other man-in-space program, could 
prove to be a costly mistake. 

Is this a valid criticism ? 

Dr. Drypen. That approach would require another 300 million for 
a second manned space project, and unless there is a very different scale 
of national effort to be put into space, I do not think that is a wise 
thing to do. 

Mr. Yates. You have two approaches to the project now rather 
than one? 

Dr. Drypen. As the article explained, and if you read the House 
committee report in detail, there are backups to all components in 
this project which are likely to give problems. There is not an inde- 
sain project as you had in THOR and JUPITER and in ATLAS 
and TITAN. To do that would require an additional sum of the 
order of $300 million. Certainly unless the order of magnitude of 
the moneys that you put into space is increased very substantially, 
you would not do this. 

Mr. Tuomas. That was very well explained yesterday, I thought, 
in very simple language, picturesque language, even though it was 
simple. Either you or Dr. Glennan explained the difference between 
a rush program and a crash program. In a crash program you at- 
tempt to do the same thing by perhaps three different systems, and 
then you check out which is the best of the three systems. 

A good rush program, which you are undertaking here, is picking 
out one abate good system and rushing it to completion. The 
charts have shown innumerable times some 12 or 15 different rockets 
that are your interim rockets, waiting until you get your big one. 

Dr. GLennan. The difficulty with the crash program, as you well 
know, Mr. Thomas, is that you never have the courage, or you are 
never allowed by the pressures external to your organization, to cut 
out one of these when you get to the point you find it is not just going 
to be the best. 

Mr. Botanp. You are going to reach your objective with the project 
you have. You are convinced you are going to do this. That is all 
you want to do, is it not ? 

Dr. GLENNAN. Yes, sir. 

Mr. Tuomas. If you had three programs, you would not complete 
any one of them any quicker than you are going to complete this one. 

Dr. Drypen. It might take longer by the required splitting up of 
your effort. 

Dr. Giennan. There is a finite capability in manpower in this 
country and if you channel all of it into one of these programs you 
have to give up something else. It is tremendously important, I 
think, that we use the manpower we have sensibly and effectively. 

We talk about dollars. These are the easiest things to talk aod 
but you are really talking about good manpower when you talk about 








dollars. There is a limit to how much you can put on any one 
project. 

Mr. Tuomas. There are 16,000 personnel plus another 2,400 at JPL, 

We have the Air Force, plus the AEC. I think the doctor very 
well expressed it. There is a limit to your manpower. 

Dr. Drypen. The $600 million in the R. & D. program means men, 
too, in industry, and elsewhere. A large amount of it goes for man- 
power in industry. 

There is another point about this budget that I would like to bring 
out at some time. Some of us who had the old experience, Mr. 
Thomas, in NACA, are becoming acquainted with the cost overruns 
because of new things developing during the course of the project 
and as you know, there i is no contingency fund anywhere. 

There is no emergency fund in "N ASA such as the Secret: ury of 
Defense has, so th at the only recourse we have when we do run into 
additional costs is to reprogram for the time being and then come back 
and ask you for more money, as we have done for the last 2 years. 

This time, fortunately, it was only about $23 million, but this is 
a new experience for some of us who have been accustomed to another 
method; as you expressed it the other day, if we got less money 
than we had asked for to build a fac ‘ility we cut our cloth to fit. We 
have not mastered the art of doing this in a project like MERCURY, 
where we are trying to rush, where we must go ahead and design a 
capsule and then find that the fellows who are going to fly in it have 

valid objections to where the window is, or what the arrangement of 
instruments is and we have to make engineering changes. This process 
is a very familiar one in the Department of Defense operation. 

These are the kinds of things that are new to us and there is no 
slack 

Mr. Tuomas. It is new toeverybody, Doctor. 

You are not by yourself. 

Dr. Drypen. I was just pointing out, there is no slack in these 
numbers. If we run into additional costs on import: int projects, the 
only recourse, if the amount is small enough, is to do reprograming 
as the AEC did in the case of ROVER, or to come back to Congress 
and ask for more funds. 

Mr. Tuomas. Go ahead, Mr. Abbott. 

Mr. Apporr. Yes, sir. 


MATERIALS AND STRUCTURES RESEARCH 


I would like to mention some of our materials work for a moment, 
since this was mentioned by you a few moments ago, and also mention 
that we do some work on material which relates to reactors 

Mr. Tuomas. Off the record. 

(Discussion off the record.) 

Mr. Annorr. I thought it was appropriate to bring it up again. 

Mr. Tuomas. Very appropriate: go ahead. 

Mr. Ansorr. There were some questions about the weight. 

Mr. Tuomas. Ts it still awfully heavy? 

Mr. Axsorr. It is awfully heavy. There was some question about 
the weights of these reactors. They are quite heavy and require very 
large vehicles to carry them. 
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One of the very fruitful lines of research, of course, would be any- 
thing that could be done to make them lighter. This would cut down 
the ultimate cost of the vehicles a great deal. 

Theoretical work indicates that the reactor could be made more 
efficient and considerably lighter and use considerably less nuclear 
fuel, which is very expensive, if one of the tungsten isotopes could 
be used. Tungsten is very attractive in some respects. It has a very 
high melting temperature of around 6,000° and is probably useful up 
tonearly 0,900°. 

However, it is he: avy, as you know, and this means that it has to be 
used very efficiently. We also have other problems. It is very brit- 
tle. Useful structural material has to be capable of being bent and 
tungsten is not. 

I have here some samples of tungsten. You can see what happens 
if I try to bend it. If anybody else wants to break one, here is 
another one. 

This is high-grade tungsten, the best that is commercially available. 
That is the kind of characteristics it has, which makes it pretty use- 
less for the purpose. 

At Lewis we have been working rather intensively on this. Here 
is an example of a piece of tungsten which we treated at Lewis which 
has been bent into a shape like this, which I think represents some 
very real progress in handling tungsten. However, we are not done. 
This has been bent once, but now it is brittle again so we still have 
a long way to go, but I think we are making progress. 

Mr. Osrerrag. You mean time changes it / 

Mr. Anpsorr. No, just the fact of bending it makes it brittle again. 
This happens to a very large extent even on copper, as you know. 

The potential gains from this sort of thing are very large. I am 
not talking about 10- or 15-percent gains. Theory indicates that if 
tungsten could be properly used the weight of the reactor might be 
reduced to about one-half and the amount of nuclear fuel that would 
be required for the same power would be reduced to the order of a 
quarter to a third as compared with the present reactors so the poten- 
tialities of this sort of work are very great as far as the future is 
concerned. 

I would like to turn briefly now to another problem. 

Mr. Ruopes. Mr. Chairman, before Mr. Abbott leaves that subject, 
what temperature do you develop in a reactor? 

(Discussion off the record. ) 

Mr. Rrropes. Does the liquid hydrogen actually undergo a process 
of combustion in that reactor or is it just. an expansion of the element 
itself ? 

Mr. Anporr. It is just heated. 

Mr. Riropes. Heated so it expands? 

Mr. Anporr. Yes. In the case of the hydrogen leaving the nozzle 
and flowing out into the atmosphere while it. is in the atmosphere, it 
will burn at that Lares but in the reactor, it is just heated. What you 
want is a good jet, an efficient jet. with very hot gas with very low 
atomic weight. This gives a very hot gas and the very low atomic 
weight. of hydrogen. ‘Tf it were burned, the atomic weight. would 
go up. 

The lunar mission has been mentioned here several times. There 
are many research problems connected with it. This lunar mission has 











276 


various phases: There is the launch and exit phase, space flight phase, 
lunar orbit phase, in which exploration of the moon would be made 
by landing instruments, and by observation; eventually landing of 
man on the moon, return to earth, and the reentry into the : atmosphere 
and landing. There are many research problems which have to be 
solved before we can do any of these things. Weare busy working on 
all of them, but to be concise here I will talk only about a few of the 
problems in connection with the launch and exit, and reentry. 

Let us consider the launch and exit problem. 

I have shown here schematically the type of vehicle that would be 
used. It is basically a SATURN, with appropriate upper stages and 
an appropriate vehicle on top. A launch vehicle like this is very 
large and heavy. It might be of the order of 300 feet long, weigh 
probably about a million pounds. It is balanced on these roc kets, 
giving a thrust of 1.5 million pounds. 

Because weight is so important in such a vehicle, the structure of 
this vehicle will be very light and flimsy by normal standards. 

Now, we need to know how to design these structures better. 
There are research problems in connection with that. This vehicle, 
in going up through the dense turbulent atmosphere, is subject to side 
loads from wind shears and turbulence in the atmosphere. It also 
receives side loads from the sidewise component of thrust in these 
gimbaled engines. 

These loads are not steady. Consequently, we call them dynamic 
loads. They set up vibrations in the structure which interfere with 
the sensors of the guidance and control system which maintains the 
proper orientation. This creates a very complicated problem of 
dynamic loads and vibration and guidance control which needs a 
great deal more research. 

We also have a base heating problem here, to prevent the de- 
struction of the structure near the rear end of the vehicle by the 
burning exhaust gases. This has proved to be a very troublesome 
problem on these vehicles and requires a series of very large wind 
tunnel tests to work out this problem. 

We are working on all these problems and on several more, such 
as the fuel-sloshing problem, in connection with such vehicles and 
more particularly at this time in direct support of the SATURN 
development program. 

REENTRY RESEARCH 


Going now to the reentry from the moon, again, we have many 
research problems. This reentry can be accomplished i in several ways. 
However, we could use a ballistic vehicle which would be a direct 
extrapolation of our MERCURY experience, and we would then be 
coming in with something that looks vaguely like the Mercury capsule. 

It is important to remember that the veloci ity of this vehicle is 
higher than the velocity of satellite reentry in the Mercury proj- 
ect. Perhaps, you can imagine this vehicle coming in from a 
point a quarter of a million ‘mniles away at 27,000 miles per hour. 
Calculations show that if it is to enter the atmosphere and come 
to a landing on its first circuit around the earth, it must come in on 
a trajectory within, plus or minus, 314 miles. The total width of the 
trajectory corridor is only 7 miles. If the capsule undershoots the 
trajectory, the occupants will be destroyed by the high deceleration 
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in the atmosphere. If it overshoots, it will go on back into space for 
another excursion through the radiation belts, with the probabilit, 
of several additional days of flight, if it is possible to bring it bac 
to the earth at all. 

This 7 miles is a very small target to hit. It is actually less than 
one one-thousandth the diameter of theearth. On the chart the width 
has been exaggerated 10 times in order that you can see it. 

There is no present guidance system whic h is capable of doing the 
job consistently in a practical way for a manned vehicle. 

We are working on this guidance problem, but we are not just 
leaving it at that reseaz chwise. 

There are other ways of improving the guidance problem, and one 
of them is to use a lifting vehicle such as a vehicle with some ele- 
mentary wings on it. By : such means, this corridor can be increased 
in width to as much as 120 miles, or even more. This greatly reduces 
the guidance and control problem and reduces the deceleration prob- 
lem. It does not reduce but augments the severe problems of aero- 
dynamic heating and resulting materials and structural problems. It 
does this to such an exent that such a vehicle would be quite heavy. 
We simply do not know today how to design such a vehicle. Again, 
we are doing research on the problems, but it appears that a practical 
solution is a long way in the future. 

Fortunately, I have represented only two extremes. The more 
sensible approach to the problem is to use a vehicle which provides 
some lift but does it without wings as shown here. With such a body 
it is possible to widen this corridor to something like 40 miles, let us 
say, which considerably reduces the guidance and tr: ujectory control 
problem and also reduces the deceleration problem. The aerody- 
namics heating and materials and structural problems are much more 
severe than they are for MERCURY, but we are doing a great deal 
of research on them and it does appear that, for this type of vehicle, 
solutions will become available in the near future. 

There remains a very serious stability and control problem, because 
this vehicle has to be kept properly oriented and controlled in the 
atmosphere either by fully automatic means or by the pilot or by some 
combination of the two. Again, very intensive research on this prob- 
lem is going on at the moment. It is problems such as these which 
account for the very heavy efforts which are shown in some areas of 
activity on the previous charts. 

Finally, I have a summary of the budget request to support our 
advanced research programs. 

The S. & E. request for the research centers is shown here. We are 
requesting $73.9 million this year for the four research centers. 

The R. & D. support for plant at the research centers is $23.4 mil- 
lion. The increase here is directly associated with the greatly in- 
creased cost of conducting research in the new technology that Ihave 
been describing. 

The research grants and contracts which enable us to take advantage 
of the very outstanding talents which exist throughout the country 
at the universities and other research organizations is next at $10 
million. Finally, the construction and equipment request of just over 
$22 million, which represents about 5 percent of the original construe- 
tion cost of the four research centers. 
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Mr. Tuomas. That was a very nice presentation, Mr. Abbott. Thank 
you very much. 

Mr. Assorr. Thank you, sir. 

Mr. Tuomas. Gentlemen, let us get some lunch and see if we can get 
back here at about 12:30 and then we will go into the budget and see if 
we can wind it up sometime tomorrow. 


AFTERNOON SESSION 


Mr. Tuomas. Gentlemen, the committee will please come to order. 
We had wound up all of our statements. I think they were excel- 
lent. It wasa fine summary of each program. 


BOOSTER SYSTEMS 


Mr. Yates, did you have some general questions / 

Mr. Yares. Yes. 

First of all, I would like to ask Dr. Silverstein about a couple of 
statements in last year’s hearing which I had read, which seemed to 
disturb me a little bit in retrospect. I wondered whether the same 
situation prevailed today. On page 22 of last year’s hearing the doctor 
said: 

We have been currently working with booster systems that were derived from 
the military missile program. We have been using THORS and ATLASES with 
upper stages that were not designed to match the missiles because we were in 
such a hurry to get satellites, probes aloft, we did not take time to go through 
the long development leadtime required to create new booster systems. 

One of our first acts when this organization was formed in October was to 
recognize this weakness in our program. It was a grave weakness. We met 
with the Defense Department recognizing the joint needs of the committee— 
et cetera. Are you still using mismatched systems? 

Dr. Stiverstetn. Yes, sir. 

Mr. Yates. Does this prevent your program from operating effli- 
ciently ? 

Dr. Strverstern. Well, it does this: Optimum use of the ATLAS 
with an upper stage such as AGENA or CENTAUR will enable you 
to put up from—into, say, the satellite mission, some 5,000 to 8,000 
pounds, whereas the ATLAS, mated with the VANGUARD upper 
stages as we do in the ATLAS-ABLE cuts this to almost a third. 
So you see this is the mismating I was discussing and we are going 
ahead for example with the ATLAS-ABLE lunar shots this vear 
because we have no other behicles available. 

Mr. Yates. You stated then again on page 24: 

What happens is we get a very low efficiency or very low return for the money 
invested. We might have 1 pound of payload for a thousand pounds of 
missile weight whereas with the later missile systems we are creating we can 
increase this factor by 10. 

Does this situation still prevail ? 

Dr. Stiverstern. That still prevails. 

Mr. Yates. When will you move out of it? 

Dr. Stiverstern. We will move out first with the ATLAS-AGENA 
system coming into use followed with the ATLAS-CENTAUR sys- 
tem coming in the middle of 1961, and of course, our SATURN 
systems.are well matched. 
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MILITARY SIGNIFICANCE OF SPACE 


Mr. Yates. The next question I want to address myself to is the 
question of whether space has military significance. I asked a ques- 
tion of someone yesterday. I thought it might have been Dr. Glennan. 

I commented on the statement that the President had made, namely, 
that he sought to draw the line between civilian space activity and 
military activity. 

Is there a distinction? I read from an article in the Sunday Star 
of March 13 from an interview with General White in which he, in 
answer to a question, says, “There is no question in my mind that 
outer space has a military significance.” 

Aren’t your experiments essential for military purposes as well as 
for the civilian experiments that you have ? 

Dr. Drypen. There are essential in the sense that both are based 
on the same technology. 

Again, you might compare it with the situation in airplanes. The 
principal “differences between civil and military aircraft are first, in 
the equipment. carried, and second, in performance. Now, the per- 
formance element has not yet entered into military space activities. 
In other words, both the military equipment and the civilian equip- 
ment is carried in vehicles, satellite vehicles of about the same per- 
formance capabilities. 

For the present the military missions involve satellites only. We 
have not yet found or even thought of any military mission of the 
type that PIONEER V is now carrying out. That is purely a civilian 
space mission. 

At the present time the military applications which are being worked 
on very hard are reconnaissance and early warning satellites, and 
communications satellites systems. 

There is even, within the military, argument and discussion about 
the military value of satellite communication systems based on the 
early state of the art. A satellite follows a perfectly predictable 
course. You can observe its orbit, know where it is going to be to- 
morrow or an hour from now, which would seem to make the task 
of bringing it down fairly easy. Many people think that the early 
systems are much more suitable for civilian communications, where 
you do not believe that anybody is going to deliberately undertake to 
bring a civilian communication satellite down. This is a matter 
which may be solved by increasing the complexity of the military 
satellite, giving it some power to c ha ange its orbit—this would require 
additional fuel. I think the trend will move in this direction, toward 
the use of and need for heavier satellites for military application. 

Mr. Yares. Dr. Dryden, I read from a magazine entitled “Air 
Force and Space Digest,” for March, 1960. There is an editorial en- 
titled “Peace on Earth Controlled From Space.” I do not know 
whether you read this. 

Dr. Drypen. I do not recall this particular one. The truth at the 
moment is that fellows who control the ground are the fellows who 
control space rather than the other way around. 

Mr. Yares. They speak of being able to prevent surprise attacks. 

Dr. Drypen. This is with the e arly warning satellite. 

Mr. Yates. Are you working on this? 
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Dr. Drypen. No; the military has a very active program on this. 
Mr. Yares. You have nothing to do with this? 

Dr. Drypen. We have nothing directly to do with that, no. 

Mr. Yates. What laboratories would be working on this? 

Dr. Dryven. This is being done by Lockheed. 

Mr. Horner. There are many contractors working on the program. 


RUSSIAN PROGRESS 


Mr. Yares. One final question: Yesterday I asked you about the 
rate of Russian progress and you indic ated that one of the reasons 
they were ahead in the rocket engine was because they had begun 
to work on this 4 years before we ‘did. Do I interpret your answer 
correctly ? 
Dr. Drypen. They organized to do a space job 4 years before we 
did. 

Mr. Yates. When did they start? 

Dr. Drypen. In 1954 the Soviet Government set up the Inter- 
planetary Communications Commission, with Professor Sedov as 
the chairman. This is the group that has been carrying on the 
scientific part of their satellite work. Some of the members of that 
commission are not only scientists and active in their Academy of 
Sciences but they also wear uniforms at times and hold commis- 
sions in the Soviet military service. They sort of double in brass, 

The Russians had had an early start in space somewhat by acci- 
dent; the accident that their atomic bombs were very much heavier 
than those that were developed in this country, very early. This was 
also true of the H-bomb development. As a result of that, the Rus- 
sians required a rocket for their intercontinental ballistic missile of 
larger thrust than did the United States. It is believed to be in the 
range of 600,000 or 800,000 pounds thrust where, as you know 
get along with about 350,000 pounds thrust. 

This more or less accidental nature of their less efficient develop- 
ment, if you like, put them at a great advantage in space because it 
takes about 4 or 5 years to de velop a booster of this size. 

This gave them this 4-year head start in the space business. 

Mr. Yates. When did we start? 

Dr. Drypen. The SosEePaDA TE. step taken by our Government 
was the creation of this Agency, NASA, in October of 1958. The 
Space Act was passed actu: ally, of course, in the summer of 1958. In 
both countries there was some private activity, private interest 
which antedated the official formation of the Government body. 

Mr. Yates. Did we know about the creation by the Russians of 
their space agency in 1954? 

Dr. Drypven. It was fairly well advertised. You will recall that 
the general attitude in our country was that this was far into the 
future. 

Mr. Jonas. May I ask Dr. Dryden a question there ? 

Mr. Tuomas. Mr. Jonas. 

Mr. Jonas. Did you say there was some activity among private in- 
terests in both countries before Russia announced organization of the 
committee ? 

Dr. Dryven. Yes. 


, we 


iS 


nt 
1e 
in 
st 


of 


at 
ne 


li- 


281 


I believe in this country the first recorded agitation for a satellite 
was the report from the Rand Corp. to the Air F orce, about 1946, 
if I am not mistaken, in which they recommended to the Air Force 
that a project of this kind be undertaken. 

Mr. Jonas. I can understand private activity in this country. I 
did not know that situation existed in Russia though, or a comparable 
one. 

Dr. Drypen. One of the rocket pioneers that we sort of group along 
with Goddard in this country is a man by the name of Tsiolkov sky. 
In this country our first talk of space activities, at least one of the 
first landmarks, was the experimental work of Goddard, who made 
rockets with the same fuel combinations that we use today. 

Mr. Jonas. I understand. What is the comparable private ac- 
tivity ? 

Dr. Dryven. Tsiolkovsky was a Russian scientist interested in 
rockets and their application in space. In Germany a scientist by 
the name of Oberth was one of the early ones who h: ud papers printed 
giving ideas about space flight. Scientists and engineers took these 
as speculative imagination of people rather than as a project in which 
sound citizens would invest money and undertake activities. 

Mr. Jonas. The Russian to whom you refer was not a private citi- 
zen in the same way we understand private citizens operate. He 
worked for the Government, did he not ? 

Dr. Drypen. He was a member of the academy. He was not a gov- 
ernmental employee at that time. This was in times of czarist 
Russia, a long while ago. 

Mr. Tuomas. Gentlemen, let us take a look at the budget now, 
dollarwise. We have had good indoctrination in theory. Let us look 
at it from the financial side. 


SUMMARY OF APPROPRIATIONS 


Mr. Reporter, put the cover sheet of page 1 in here. It gives you 
a breakdown between salaries and expenses, research and development 
and construction for fiscal year 1961: “Salaries and expenses, r 
$170,760,000; “Research and development,” $621,453,000; “Construc- 
tion and equipment,” $122,787,000; making a grand total of $915 
million. 








(The page referred to is as follows :) 


Salaries and 
| expenses 


Approved, fiscal year 1959: 


Independent Offices Appropriation Act, 
1959 (Public Law 85-844) $78, 100, 000 
Supplemental Appropriation Act, 1959 


(Public Law 85-766) _.....___- — 
Second Supplemental Appropriation Act, 

1959 (Public Law 86-30) shee 3, 
Transfers from DOD (72 Stat. 433) - 


5, 000, 000 


ee 


186, 300 


Teta... 23. 86, 286, 300 


Approved, fiscal year 1960 


Supplemental Appropriation Act, 1960 


(Public Law 86-213)-_._- 91, 400, 000 
Appropriation transfer (Public Law 86-213) - 
Total... anaes nig 91, 400, 000 
Requested, fiscal year 1960: Supplemental 
estimates___ 
Requested, fiscal year 1961: Regular estimates 170, 760, 000 





Appropriation summary 


j 
i 
| Research | Construc- | 
| and tionand | Total 
| development | equipment 
$23, 000, 000 $101, 100, 000 


$50, 000, 000 25, 000, 000 80, 000, 000 


3, 186, 300 
154, 619, 532 154, 619, 532 
204, 619, 532 


48, 000, 000 338, 905, 832 


335, 350, 000 
—15, 000, 000 


73, 825, 000 
15, 000, 000 


500, 575, 00% 


320, 350, 000 88, 825, 000 500, 575, 000 
12, 200, 000 


621, 453, 000 


10, 800, 000 
122, 787, 000 


23, 000, 000 
915, 000, 800 


SALARIES AND EXPENSES 


Program and financing 


Program by activities 
1. Aeronautical and space research 
2. Space flight development and operations 


3. Program direction 


Total program costs 
4. Relation of costs to obligations 
obligations of other years, net 


Costs financed from 
a } 
Total program (obligations) 
Financing: 
Comparative transfer from (—) Department of Defense 
1959 appropriation available in 1958 
Unobligated balance no longer available 


Appropriation (new obligational authority 


1959 actual | 1960 estimate | 1961 estimate 
$77, 147, 637 $74, 000, 000 $73, 940, OOK 
§, 814, 2890 30, 000, 000 86, 420, O00 
5, 069, 915 8. 000, 000 10, 400, 000 
91, 031, 841 112, 000, 000 170, 760, 00F 
1, 055, 326 5, 600, 000 
89, 976, 515 106, 400, 000 170, 760, OO 
~ 5, 000, 000 15, 000, 000 
1, O11, 781 
298, 004 
86, 286, 300 91, 400, 000 170, 7A), OOF 
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32 
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O00 
O00 
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Object classification 


| 1959 actual | sod entinnatis 1961 estimate 
' 


Total number of permanent positions_ 8, 930 10, 086 16, 373 
Full-time equivalent of all other positions__- 8 30 
Average number of all employees 8, 326 9, 693 16, 130 
Number of employees at end of year | 8, 879 10, 031 | 16. 327 
A verage GS grade and salary 9.0 $7,39919.3 $7,585 | 9.6 $7, 838 
A verge salary for grades established by the Administrator of | 


$6, 213 


the NASA $5, 995 $6, 264 


01 Personal services: 









Permanent positions | $57, 831, 267 $69, 926,440 | $117, 857, 000 
Positions other than permanent 2, 329 67, 900 250, 000 
Other personal services 911, 524 2, 286, 460 10, 518, 000 
- } 
Total personal services 58, 745, 120 72, 280, 800 | 128, 625, 000 
2 Travel 1, 097, 218 2, 866, 400 | 5, 849, 000 
a3 Transportation of things 374, 696 191, 000 | 442, 000 
04 Compjnrication services 451, 869 883, 600 | 1, 314, 000 
5 Rents and utility services | 
Electric power 6, 191, 226 6, 494, 800 | 7, 843, 000 
Other utilities 398, 367 469, 000 600, 000 
Rentals F 1, 541, 553 2, 585, 000 15, 399, 000 
m Printing and reproduction : 160, 466 203, 000 363, 000 
07 Other contractual services 
Research contracts a 816,510 tdbduie hain 
Repairs and alterations 3 1, 091, 832 meds os 
Miscellaneous services : Se. 935, 780 214, 000 , 292, 500 
Services performed by other agencies 
Research services 148, 367 en deo eee ie el i 
Security investigations - 178, 595 500, 000 1, 248, 000 
Other services . 5, 206, 718 15, 000, 000 : wind 
i Supplies and materials ; 6, 513, 992 e ‘ 
09 Equipment s 3, 402, 407 > 1. kee. 
il Grants, subsidies, and contributions ie z. 4, 566, 300 7, 618, 500 
13. Refunds, awards, and indemnities 134, 000 147, 000 
15 Taxes and assessments 12, 100 19, 000 
1959 Program obligated in 1958 ; —1, Jc 
Total obligations 89, 976, 515 106, 400, 000 170, 760, 000 


Mr. Tuomas. Let us take a look at salaries. 

I might say for the Budget people, you have certainly come up 
with a world of information. It is most conveniently gotten up. The 
omissions are not too many. I could point out one or two, but it is 
an excellent job. 

Mr. Utmer. Thank you, sir. 


JUSTIFICATION OF THE ESTIMATE 


Mr. Tuomas. Let us put pages 4 and 5 in the record. 
(The pages referred to follow :) 


PROGRAM AND PERFORMANCE 


This appropriation provides for the salaries and operating expenses (other 
than supplies, equipment, and construction) of the research and development 
centers and other activities operated by the National Aeronautics and Space 
Administration with Government personnel, 

1. Acronautical and space research.—Research is conducted at the Langley, 
Ames, and Lewis Flight Research Centers, located at Langley Air Force Base, Va.: 
Sunnyvale, Calif.; Cleveland, Ohio; and Edwards Air Force Base, Calif., respec- 
tively. ‘The level of operations at these centers will be substantially the same in 
1M61 as in 1960. 

2. Space flight development and operations.—The Goddard Space Flight Center 
at Beltsville, Md., will be the data center for NASA space operations: it will also 
be responsible for payloads, primarily for earth satellites, and for directing the 
nanned space flight program. The Wallops Station in Virginia will be utilized 
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for launching sounding rockets, test vehicles, and small satellites. The NASA 
facility at Huntsville, Ala., will engage in space vehicle development including 
the SATURN very high thrust booster project. NASA personnel are also located 
at the Atlantic and Pacific Missile Ranges and worldwide tracking stations. The 
large increase in 1961 results primarily from the inclusion for the first time in 
this appropriation of the full amount of salaries and expenses for the Huntsville 
facility which is being transferred to NASA from the Army. This facility was 
supported previously by funds for specific missile and space projects, chiefly of 
the Department of Defense, through the mechanism of work orders placed with 
the Army industrial fund at the Army Ballistic Missiles Agency. Other in- 
creases are required in 1961 for the Goddard Space Flight Center and Wallops 
Station because of increased workload. 

3. Program direction.—Increased funding for personnel is required at the 
NASA headquarters as the size and complexity of the programs continue to grow, 

4. Relation of costs to obligations.—The relationship is derived from yearend 
balances of selected resources and applicable adjustment as reflected in the fol- 
lowing table: 


1958 19459 1960 | 1961 
actual tual | estimate estimate 
Selected resources at end of year: 
Inventories and items on order | 
Unpaid undelivered orders (appropriation 
balances obligated for goods and services on 
order not yet received $5, 472, 781 | $4, 215, 268 $215, 268 $315, 268 
Advances (payments for goods and services on order 
not yet received)_.._._____- . 94, 869 93, 369 3, 369 3, 369 
Accrued anntial leave (leave earned and not taken by | | 
employees, charged to activity costs) |—4, 677, 125 5, 552,948 | 6,262,048 | —6, 562, 948 


Unapplied costs (costs incurred not yet assigned to 


I hares Te ge a a 382, 480 1, 323, 876 523, 876 723, 876 
Total selected resources at end of year 2 1, 273, 005 | 79, 565 5, 520, 435 | —5, 520, 435 
Selected resources at start of year_.._- : ‘ no---------|—1, 273, 005 | —79, 565 5, 520, 435 
Adjustment of selected resources reported at start of 
PGiatin alata a a ee : sndiicnincaiaes ee | Se REO lencacdssaudslcakenbaeel 
Costs financed from obligations of other years, | 
ae AE ae 1, 055, 326 |—5, 600, 000 


Mr. Tuomas. May I read from page 4? 

Research is conducted at the Langley, Ames, Lewis, and flight research cen- 
ters, located at Langley Air Force Base, Va.; Sunnyvale, Calif.; Cleveland, 
Ohio, and Edwards Air Force Base, Calif., respectively. The level of opera- 
tions at these centers will be substantially the same in 1961 as in 1960. 

Following this are some very excellent tables. We will put them in 
the record at the proper time. 

I pointed out yesterday that I do not find a breakdown on the Cali- 
fornia laboratory. Did I overlook it? 

Mr. Utmer. You did not overlook it, Mr. Thomas. That is one 
of the omissions you mentioned. 

Mr. Tuomas. Can we have one I can use? 

Mr. Umer. It is being prepared and should be ready by tomorrow, 
I believe. 

Mr. Tuomas. Pages 7-1 and 7-2 have some very excellent reading. 
I suggested to you, it adds up that you want 16,373 personnel for this 

SP * I . 
year. 

The nucleus was provided by the 8,040 staff members of the laboratories and 
the headquarters of the NACA. 

To this were added 400 members of the VANGUARD team, transferred from 
the Naval Research Laboratory. Seven hundred new positions were provided 
in the first fiscal year, and an additional 700 in the current fiscal year to round 
out the staff and to provide the technical and scientific skills that were not 
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present in the older laboratories but are required for the new business of space 
exploration. 

That bring you up to the 16,373 figure of directly appropriated per- 
sonnel plus the 2,400 in California ? 

Mr. ULMER. Yes. 

Mr. Tuomas. It makes a total of how many ? 

Mr. Utmer. About 18,000 or 19,000. 

Mr. Tuomas. 18,773. 

Mr. Horner. I think it points out later that there are actually 2,700 
at JPL at the present time. It will be reduced to 2,400 as the Army 
work in J PL phases out. 


SUMMARY OF EXPENSES 


Mr. Tuomas. Let us take a look at the tables. They are quite in- 
formative. Put the table on page 8 in here. It gives you personal 
services of $128,625,000 against $72 million last year and the difference 
between $170,760,000 and your $128 million is for your other objects. 

(The page referred to follows: ) 


| 

















Object Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 

— — EE ee ee - auinennbeniate 
ies BOOMING, c «.. bi nth db dnc Bhd Eb nde enoendns | $58,745,120 | $72,280,800 | $128, 625, 000 
an it acess wis ids ana Nc arleatiaiiaabipe iad | 1, 0$7, 218 | 2, 866, 400 5, 849, 000 
03 Transportation of things...........--..-..-------------- | 374, 696 191, 000 442, 000 
04 Communication services_..........--- ksciiteeccadl pinnae -| 451, 869 | 883, 600 1, 314, 000 
05 Rents and utility services Sa betel iene a ie hte 8, 131, 146 9, 548, 800 23, 842, 000 
06 Printing and reproduction .....................-.-.2-..2.. 160, 466 203, 000 363 000 
07 Other contractual services. -..._.--- ss mhatabatitmaieininainee acon 3, 377, 802 714, 000 2, 540, 500 
EE Se eee 1 Ts SI I icccsentsancieaceipiete ania iaetomiommiie 

09 Equipment i shrie sahbadidintteiinn 3, 402, 407 |... Saat ecteaceetne 
ll Grants, subsidies, and contributions......------------ asl 3, 719, 808 566, 300 7, 618, 500 
13 Refunds, awards, and indemnities peer eeiscal 3, 202 | "134, 000 147, 000 
or eo ksi oinepinteieieinaiies a 10, 570 12, 100 19, 000 
MN. cnn ddvaens cen <siioiwak Pe ee | 85, 988, 296 91, 400, 000 170, 760, 000 
INLD SII ti surnncinnsiaaph aad sansrap abd Subsinn hnkddielacansil 298, 004 |- sieniolnnncunnmmuanta 
er ee 5 a nlapealnuicaenandaamanlaiie 86, 286, 300 91,400,000 | 170,760,000 











NONSALARY EXPENSES 


In other words, your other objects are running quite heavy, about 
$48 or $49 million. 
Dr. Drypen. Half of which is involved in the rents and utilities 
services. 
RENTS AND UTILITIES 


Mr. Tuomas. Your travel goes from $2,866,400 to $5,849,000, a 
little better than 100 percent. “Your rents and utilities are your big 
ap in fact, they are second. It goes from $914 million up to 
$23,842,000. Of course, the biggest item in there is your electric 
power. You set that out and I chased all over the place looking 
for your Huntsville power bill. What is it? 

Mr. Unmer. Huntsville power, sir, is purchased on a reimbursable 


contract to the AOMC; the power bill will be about $518,000 next 
year. 
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Dr. Drypen. It is comparatively minor because there are no big 
wind tunnel facilities of the type you are familiar with such as those 
at, Langley, Ames, or Lewis. 

Mr. Tuomas. You have a very favorable rate. You have the TVA 
rate; do you not / 

Dr. Drypen. Yes; the amount used is relatively small. It is an 
industrial factory operation. There is one small wind tunnel but 
no heavy user like the big wind tunnels. 

Mr. Ruopes: Mr. Chairman, would you yield? 

Mr. Tuomas. Surely. 

Mr. Ruopes. On that item I notice that the rents are up from 
$2,585,000 to $15,399,000. 

Dr. Drypen. The renting of data-reduction equipment is the big- 
gest item in there. 

PERSONNEL STRENGTH 


Mr. Tuomas. I think they give you a pretty good breakdown a 
little further over on it. 

Let us put the table on page 9 in the record. Here is a breakdown 
of numbers since you have been in existence, 1959, 1960, and 1961, 
This is by location. Your headquarters is: 1959, 428, then 683 for 
1960, and 683 for this year: your Langley Center remains about the 
same: your Ames Center is about the same; Lewis is about the same; 
your Flight Center is at Muroc; that goes up to 416. Your Goddard 
Center goes up from 1,214 to 2,000; Wallops goes from 225 to 300; 
Huntsville from 100 to 5,500. 

(The page referred to follows :) 


Number of employees at end | Appropriations 
of fiscal year 


1959, 1960, 1961, 1959, 196), 1961, 

actual j|estimated estimated actual tual requested 
NASA Headquarters 428 683 683 | $5, 538,860 | $7, 549, 300 $9, 890, 00 
Langley Center 3, 297 3, 220 3, 220 | 30, 568, 970 27, 445, 50 29, 295, 000 
Ames Center 1, 478 1, 440 1, 440 16, 299, 035 14, 257, 050 15, 244, 000 
Lewis Center 2, 783 2, 736 2,736 | 27,215,227 | 24, 84C, 200 25, 724, 000 
Flight Center 336 416 416 3, 154, 208 } O38, 150 3, 679, 000 
Goddard Center 782 1,214 2, 000 2,021, 100 11, 802, 270 25, G84, 000 
Wallops Station 171 225 300 1, 356, 820 1, 700, 100 2. G7R, OM 
NASA Huntsville 1) 5, 500 227. 000 58, 313, OO 
Western Office 7 32 it} 04, 815 38 030 515, 500 
AMRO Office 4 wv 26 Bw, OO 21. ww 278. 000 
PM RO Office 6 cQ Ann 
Wright Office a 17, 265 

rotal 9 286 10, ORF 16,373 | 86, 286, 30 1. 400. OM 170. 760. 000 


HUNTSVILLE PERSONNEL 


Dr. Drypen. The 100 at Huntsville are used in getting ready to take 
over the management before the transfer on July 1. 

Mr. THomas. What was in Huntsville? I don’t think you havea 
breakdown. What was Huntsville in 1959 and 1960 under the Army / 

Mr. Srererr. I do not have the 1959 figure. As of the time the 
President made the decision, there were 4.213. I believe. who were 
directly responsible to Dr. von Braun. That is the so-called Develop- 
ment Operations Division. In addition to those 4213. there were 
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somewhere between 1,300 and 1,500 persons, counting both military 
and civilian, who were in support of the Von Braun team, but were 
actually attached elsewhere, either the ABMA, the Redstone Arsenal, 
or the Army Ordnance Missile Command. Then, in addition, there 
were about 250 military specialists plus contractor employees who 
were carrying out contract assignments in Government facilities 
located on the Redstone Arsenal. 

Mr. Tuomas. How did you arrive at this 5,500 figure if you in- 
creased it a thousand ? 

What type people did you increase over and beyond what the Von 
Braun team consisted of ? 

Mr. Srervert. We have actually reduced the manpower requirements 
from those which the Army had at the time. We made no basic 
change in the amount of civil service technical manpower that the 
Von Braun team had ; namely, 4,200 or 4,300. 

Mr. Tuomas. If I recall correctly, the Army is still carrying on 
some activities in space there. 

Dr. Drypen. No, sir; not in space. They have the PERSHING 
missile. 

Mr. THomas. Not in space. I beg your pardon. They are in the 
missile business. 

Dr. Drypen. They are in the missile business. 

Mr. Tuomas. So you evidently took all the supporting personnel ? 

Mr. Srererr. We took practically all of the scientific personnel and 
we are doing the PERSHING job for them. 


REIMBURSEMENT FROM THE DEPARTMENT OF THE ARMY 


Mr. Tromas. Are they reimbursing you for that work ? 

Mr. Sterert. They w ill be; yes, sir. 

Mr. Tuomas. Where do reimbursements show here ? 

Mr. Stererr. They do not show here. The Army had not deter- 
mined at the time the budget was prepared how much that reimburse- 
ment would be. 

Mr. Tomas. Can your personnel figure of $170 million be reduced 
by your reimbursements then ? 

What is the approximate figure? You can straighten it out in the 
record later. Is it $1 million, $2 million, $5 million, or what? 

Dr. Drypen. As I recall the present position, it is that the Army 
has not told us what this amount will be. 

I don’t think the amount has been negotiated as yet. 

Mr. Tomas. What isa fair figure? What isa fair guess? 

Mr. Strererr. About $7 million was one figure that they talked 
about early. 

Mr. Tomas. About $7 million transfer ? 

Mr. Horner. That $7 million is not included in the $170 million. 
I think a more accurate statement would be that any reimbursement 
would be over and above the $170 million. We probably will not 
negotiate the reimbursement amount. 

Mr. Tuomas. How can you say that if you are performing services 
for it? 

Mr. Horner. Through the years, NACA has performed R. & D. 
services for the Department of Defense and our present law provides 
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for continuing those kinds of services. Where there are actual pro- 
curements incident to such services—— 

Mr. Tuomas. Put your finger on the new law that gives you that 
authority. Read it into the record, please. 

Mr. Horner. I do not have a copy of it with me, sir. 

Mr. Tuomas. Under the old NACA, of course, if it was a develop- 
ment job for the aviation industry, you worked for John Public, 
aviation companies and the armed services without a contribution, 
but you are in a different classification now. 

Mr. Horner. I think it is in section 301(a) : 

The National Advisory Committee for Aeronautics on the effective date of this 
section shall cease to exist. On such date all functions, powers, duties, and ob- 
ligations and all real and personal property, personnel, and other than members 
of the Committee, funds and records of that organization shall be transferred 
to the Administration. 

Mr. Tuomas. You are talking about one thing and we are talking 
about something else. We are talking about reimbursement by the 
Army for work that you are now doing for them in your new capacity. 
Your new capacity is entirely different than it was under the old 
NACA. 

Dr. Drypen. The agreement is this work will be removed just as 
soon as it is feasible to do so. It is a situation much the same as 
when JPL was taken over. It was impossible to stop work of this 
kind abruptly; it is supposed to disappear within a period of a year 
or a year and a half. 

Mr. Tuomas. Is it the contemplation of the Administration, the 
Space Administration and the Army, that the Army will transfer to 
you during the year a sum approximating $7 million for services 
performed for the Army during fiscal year 1961 ? 

Mr. Stererr. The figure of $7 million is a ball park figure that 
came up very early in the negotiation before the Army had even 
decided how much work they were going to keep under Von Braun’s 
own direction, as contrasted with putting it under the Army. You 
see, Mr. Chairman, the Army determined after this transfer deci ision 
of the President that the system management responsibility for any 
of their weapons development had to remain within the Army, 
whereas up until the decision this responsibility had been directly 
under Dr. von Braun. Now the $7 million figure represented an 
early estimate of money that the Army would presumably put into 
the PERSHING system work at Huntsville under Dr. von Braun in 
fiscal year 1961. 

Mr. Tuomas. You are now doing that work for them? 

Mr. Strerert. We will now be doing that work for them. 

Mr. Tuomas. Come up with a reasonably accurate figure so we 
will know what we are doit ng. If you Go any work for the Army you 
ought to get paid for it. That is the only way you can keep up with 
your business and the only way we can keep up with you. 

Mr. Sterert. The Army-NASA agreements that were signed be- 
tween Dr. Glennan and Mr. Brucker specifically do provide, and I 
quote this from page 5, “work on military weapons systems by NASA 
for the Army will also be on a reimbursable basis. 

That is contrasted with research work of the sort that Mr. Abbott 
was talking about, where we work on research problems. This is 
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actually the building and development of a weapons system itself, a 
hardware job. It will be done on a reimbursable basis. 

Dr. Drypen. Mr. Chairman, if we appear somewhat unresponsive 
and ignorant of some of these things, I again ask you to be reminded 
that as of yesterday the transfer was approved. There are an in- 
numerable amount of details to work out between now and July 1 
when the fiscal and personnel responsibility passes on to NASA. We 
have negotiated general agreements which have been put into the 
records of our authorization committee hearings. They could be put 
into your hearings if you would like to have them. They represent the 
ground rules under which we are working out such questions as the 
ones referred to yesterday—how much of the material in the store- 
house goes to NASA; how much remains to the Army and this par- 
ticular detail of the exact amount of Army work to be done is not 
settled as of this moment. It has not been settled as of this moment. 
It may not be possible to get it settled in time to get it into the hear- 
ings. 

Mr. Utmer. I think it is fair to say, Mr. Thomas, that the NASA 
estimates before you are for NASA work; we have not assumed that 
any of this money would be used on reimbursable work for the Army. 

Mr. Tuomas. If you are going to do work for the Army, it is a 
logical assumption this $170 million figure will show an offset, a 
reduction. 

Mr. Utmer. There would be an additional amount transferred to 
NASA for the reimbursable work. 

Dr. Drypen. The personnel at the time will be higher than 5,500 as 
long as the Army is asking us to do work for them. 

Mr. Tuomas. When you finally reach and formalize your agree- 
ment this $170 million won’t show a reduction ? 

Dr. Drypven. It will require more people than 5,500. 

The additional people, whatever they are, will be supported by 
money fromthe Army. In other words, this budget is for NASA work. 
Whatever the Army asks us to do may take from zero to six or seven 
hundred people; they will be in addition to the NASA staff and those 
additional salaries will be reimbursed by the Army. 

Mr. Tuomas. It will not be reflected one way or another in this $170 
million ? 

Mr. Utmer. That is the point I wanted to make; yes, sir. 

(Nore.—According to the best but unofficial Army estimate as of March 17, 
1960, a total of $6.14 million is planned for transfer by the Army for reimbursable 
procurements and services in connection with the PERSHING project. This sum 
is for additional work not reflected in the NASA estimates under either the S. & B. 
or R. & D. appropriation titles. ) 

Mr. Tuomas. Here is a breakdown of your personnel by your vari- 
ous installations on page 12. To make this chart complete, I think 
for your Huntsville station it would be well to put the number of 
personnel the Army had in for 1959 and 1960. You said it was around 
4.500. That is what you received on the transfer date. 


: hat ( You have 
already increased it by 1,000, is that correct ? 
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REDSTONE ARSENAL INSTALLATION 


Personnel strength 


June 30, 1959 | June 30, 1960 


Development Operations Division: | { 





Civil service 4,271 | 4, 285 

Military 292 190 

Contractor 1, 15 05 
ABMA (other than Department of Defense 

Civil service | 1, 075 | 1, 200 

Military s 108 13 

Contractor 130 138 
Redstone Arsenal: 2 

Civil service 3, 859 3, BOO) 

Military ___- 916 | B15 

Contractor = 
Total on reservation: * 

Civil service and contractor ; 17, 845 | A7, 757 

Military........- o-5 sa rca : ‘“ 4,421 4, 12 

1 Strength figures as of Feb. 29, 1960, and estimated by NASA to be identical with end of year figures 


2 Includes 1,300 to 1,500 man-years estimated to be in support of the Development Operations Division, 
3 Includes ARGMA and Guided Missile School. 


Mr. Horner. There will not be a thousand new hires at Huntsville. 

Mr. Tuomas. Let me repeat exactly what you said. You took over 
from Von Braun 4,500 people; supporting personnel, regardless of 
what it was, all Army or some civilian contract per sonnel, added up 
to about what, 1,000? 

Mr. U_mer. Approximately. 

Dr. Drypen. I think we are getting confused by the technicalities. 

Mr. Tuomas. Then I want to know how many of the total sup- 
porting personnel the Army had and how many they kept for their 
own use; and how many you are supporting either by this appro- 
priation or by transfer. 

Mr. Srerert. According to the best information we could get from 
the Army at the time we were negotiating, the Army was providing in 
technical and management support, from Army service units outside 
of Dr. von Braun’s group, from 1,300 to 1,500 people, both military 
and civil service people. According to our estimates, we felt that 
- could do the same job for Von Braun’s technical team with about 

,200 people; in other words, fewer people. However, when we came 
: negotiate with the Army on the number of people that could act 
ually transfer to us, the Army at this point insisted and showed that 
they had a continuing Army need to carry on certain Army missile 
functions and they needed certain of these people. 

The final agreement was that 815 positions in the Army would move 
to us. This, in effect, means then that we are asking for 400 addi- 
tional positions. That is, new positions in the management and 
technical support side at Huntsville. 

Mr. Tuomas. Four hundred rather than a thousand. 

Mr. Srevert. Yes, the difference between the 1,200 that we estimated 
we would need to support Von Braun and the 815 that they would 
actually supply us; 385 is the actual difference. 
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PROPOSED STAFFING FOR HUN'TSVILLE 


Mr. Tuomas. Which page is the table for Huntsville ? 

Mr. Utmer. 13-26. 

Mr. Tuomas. Where will you put these additional 400 people? In 
your leg: ul oflice you have nine people. The highest is a grade 15. The 
Director’ s Office is one of your excepted positions. He has a deputy 
that is in an excepted position. There are two assistants. They are 
excepted. Ten other people makes a total of 15 in his office. Five of 
them are excepted positions. 

General Ostranper. I may be able to help here, Mr. Chairman. 
Largely speaking, these technical and administrative support people, 
which is the 1,200 that Mr. Siepert spoke of, will go im the four 
boxes on the right-hand side of the second line, plus—— 

Mr. Tromas. “Technical Office, financial management, personnel 
and administration,” is that it ? 

General Osrranper. Yes, sir, plus the four offices shown attached 
to the Office of the Director. 

Mr. Tuomas. Are they going in the housekeeping activities here, 
that is, financial management, personnel, procurement, contract, or 
are they going into tecknical services ? 

General Ostranver. These are the functions which previously were 
performed for Dr. von Braun’s Development Operation Division by 
other activities of the Army, other sections of the Army. 

Mr. Trromas. You have “Personnel administration,” 268 people to 
take care of 5,500. 

Mr. Steprrt. No, sir; only 64 people are in the personnel field. 
These other functions cover office services of various types, communi- 

eations, security, duplicating, photographic, and mail and records. 

Mr. Tuomas. Are these the old salaries scheduled under the Army 
orunder NASA? Which is it? 

Mr. Utmer. These are the Army salary schedules, sir. 

Mr. Streprrr. Agreements provide that to the extent we hire Army 
personnel, we are hiring them on a lateral transfer basis. 

Mr. Tomas. Here in this very vital laboratory I see more 15’s than 
I do 17’s and 18’s and excepted positions. 

Dr. Drypen. The Army has very few. The authorization bill just 
passed by the House has prov ided additional excepted positions to 
make the Huntsville proportion of such positions the same as the other 
laboratories in NASA. The Army had very few 16’s, 17’s, 18’s, and 
Publie Law 313’s. 

Mr. Trromas. You are taking it out of my mouth. The Army was 
operating the personnel business much cheaper than NASA, doing the 
same or similar work, or certainly the very vital part of the work, 
The chart clearly indicates that, does it not ? 


TECHNICAL SERVICES OFFICE 


You say the 400 people are now going into housekeeping work, 
personnel administration, financial, technical services. Technical 
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services could not be classed as housekeeping work. What is the 
function of this 665 people? 

Mr. Stererr. That entire group is concerned with the e ngineering 
and plant support to keep this $100 million facility running. This 
covers shops, people, and an engineering function that determines the 
design requirements of any construction at Huntsville. It involves 

safety, which is a very major problem down there, and finally, plant 
maintenance, plumbers, carpenters, and the like. 

Mr. Tuomas. These four boxes are virtually housekeeping activi- 
ties. Certainly in your ballistic laboratory, computation labor: atory, 
fabrication and engineering lab, guidance and control lab, you have 
the meat in the coconut. They are your se ientifie people. 

Dr. Drypen. The scientific people are down in the last two lines, 
principally, with some in the project offices which are off to the left, 
The numbers in the four boxes that you have just been talking about 
and the four attached to the Office of the Director add up to 1,178, 
which is roughly the 1,200 that we were talking about. 

Mr. Tuomas. There are 123 in procurement, personnel, and admin- 
istration, office services, 268. There are almost 400: in financial man- 
agement there are 89; technical services, safety engineering, sanitary 
engineering, equipment and maintenance, 665. 

Mr. Srevert. Mr. Chairman, I omitted one very large function, 
which is in the Technical Services office. My recollection is that it 
actually has 326 people i in it, or almost half of this total thing. This 
is a thing called T.M. & E., technical materials and equipment, and 
it is a very complicated and extensive stockroom, which stocks the 
inventory of materials and components needed to build these rockets. 

There are 326 people in that one function. ‘The position titles do 
not show here, as they are all low-grade, wage board and GS per- 
sonnel. 

Mr. Tuomas. What is their civil service rating ? 

Mr. Srevert. I donot know what the average is. 

Mr. Tomas. These are component stock clerks which you will find 
in any big garage or any big installation of any type. 

Dr. Stepert. It is a stoc ‘kroom such as industrial plant would have, 
yes. That is half that number. 

' Mr. Tuomas. Out of your 400 new employees that you are adding 
here you are certainly not adding any scie ntists who will be engaged 
in research. 

Dr. Drypen. We are adding 400 people to replace people who have 
been doing Dr. von Braun’s work and who the Army thinks they 
must keep to carry out their own functions. We are not providing 
any additional numbers of people for the same function. In fact, it 
is a few hundred less than the Army is presently using to do the same 
job. 

Mr. Tomas. We have already put the table in the record on page 
13-26, showing the breakdown at Huntsville. 


NASA ORGANIZATIONAL CHART 


Put the overall chart appearing before that in the record, page 
3-1. 
(The page referred to follows :) 
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Mr. Tuomas. This gives you a breakdown of your entire operation. 

I notice in the overall chart the Office of Information. That is ap- 
parently located in the Washington office. 

Dr. Drypen. The upper part of this chart is the breakdown of head- 
quarters. 

Mr. Tuomas. Then I look down below. You have the Technical 
Information Division. 

Dr. Drypen. That is the scientific and technical reports. 

Mr. Tuomas. Where is this located? Where is this Division? This 
is still in the Washington office, is it not ? 

Dr. Drypen. Yes, sir. 

Mr. Tuomas. You have two vacancies in two divisions, Assistant 
Director for Aerodynamics and Flight Dynamics. What about Office 
of Research Grants and Contracts? Is that vacant? 

Mr. Apporr. No, sir. 


PROPOSED STAFFING FOR NASA HEADQUARTERS 


Mr. Tomas. We shall take a look at the big chart outlining your 
headquarters. It shows the Office of Public Information, in the dis- 
trict headquarters, 34. You have Technical Information, 37, or a 
total of 71 people. 

Dr. GLENNAN. The Office of Technical Information, Mr. Chair- 
man, handles the output of this organization. Our product is scien- 
tific information and the publication of these is about the only way 
in which we can give to the other services. other agencies of Govern- 
ment :nd to industry the results of the millions of dollars that we are 
spending in research. 

Mr. THomas. You mean these other 34 people cannot do that ? 

Dr. GLrennan. These 34 people, if you will look at them, or a very 
large proportion of these 

Mr. Tuomas. You have one exce pted position in your 34. You do 
not have anything but a 15 in your Technical Information Division. 
It looks to me the 34, with at least 6 of them grade 15, ought to be 
able to handle it. You have one 15 and two 13’s out of the 
Technical Information and 34 others. 

Dr. Grennan. The problem of dealing with the public 

Mr. Trromas. We are supposed to have a little knowledge on that 
on this side of the table, dealing with the public. Some of us have 
been doing that for a long time. 

Dr. Guennan. You would underst: ind why we need this office. 

Mr. Tromas. We might be able to give you a few pointers in that. 

Dr. Grennan. I will take them any day. You would understand 
why we need the office then. 

Mr. Toomas. You certainly do not need this many. 

Do you have any other vacancies in your planned setup other than 
this one for Assistant Director for Aerodynamics and Flight 
Mechanics? 

Mr. Urner. I think there are no other major position vacancies of 
that type. There are, of course, the normal turnover vacancies that 
occur. 
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Mr. Tuomas. What is this increase over last year? Is it 150? 

Mr. Utmer. There is no increase over the planned end of the cur- 
rent fiscal year strength, Mr. Thomas. If you will recall, we dis- 
cussed the question of the 150 additional positions for headquarters 
during the hearings on our supplemental. 

Mr. Tuomas. You had 533 and you are seeking 683. That is 150, 
is it not, against 428 for 1959 4 

Dr. GLenNAN. You will recall in the supplemental we asked for ad- 

vance approve al on that and that. you, in reporting out the bill, agreed 
to 75. The 75 are half of that 150 you see there. We told you at 
the time that this was simply an advanced recruitment of management 
versonnel made necessary by the fact that we are taking over the 
Marshall Space Fight Center. Incidentally, it was just. announced 
that the NASA Huntsville facility will now be known as the Marshall 
Space Flight Center. 

Mr. Tuomas. Marshall pape Flight Center 

Dr. GLENNAN. For George C. M: arshall, General of the Army. 

Mr. Tomas. These jobs were provided in the supplemental, then. 
I had forgotten. 

Mr. Utmer. They were discussed in the supplemental, sir. The 
status at the present time is you authorized 75 of them. The Senate 
Committee has approved 150. The bill has not yet passed the Senate. 

Mr. Tomas. Anyway, your supplemental figure is included in your 
683 for 1961. 

Dr. GLENNAN. That is right, sir. 

Mr. Tuomas. We have gone into these tables before showing your 
increases. They were gone into carefully in the supplemental. I 
see no point in adding this now. 

Which is your next laboratory in point of sequence? Is it Langley ? 


OFFICE FOR U.N. CONFERENCE 


Mr. Jonas. Mr. Chairman, before you go to that, may I ask a 
question ? 

Mr. Tuomas. Yes, Mr. Jonas. 

Mr. Jonas. Do you have a full-time assistant at the United 
Nations? 

Dr. GLENNAN. No, sir. 

Mr. Jonas. “Office for U.N. Conference.’ 

Dr. GLENNAN. Dr. Dryden perhaps will answer that. 

Dr. Dryprn. This office at present consists of an assistant to me 
and six others attached to my office. The General Assembly of the 
U.N. voted to have a conference on the peaceful uses of outer space, 
either in 1960 or 1961. They also appointed a committee on the 
peaceful uses of outer space. Negotiations are underway between 
our State Department and the other members to come to a determina- 
tion as to which year the conference will be held and what its con- 
tend will be. When this conference is held we at NASA will be re- 
sponsible for organizing the U.S. participation and making a good 
showing there. We have begun a planning activity to this end at the 
present. 

Mr. Jonas. You have about $50,000 in here for personal services. 

Dr. Drypen. Yes. There are four people and a secretary. 
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Mr. Jonas. Do you not have a separate office organized for that? 

Dr. Drypven. Yes. If this ‘wonfarenide is held, judging from the 
experience of the AEC 

Mr. Jonas. Why couldn’t the Office of International Programs han- 
dle that? It would be for them a little extra work. 

Dr. Drypen. The Office of International Programs is a coordinat- 
ing office. The planning for this conference involves continuous con- 
sultation with the State Department and it will be a very major under- 
taking if the conference is held. Judging from the experience of 
the AEC it will be necessary for us to assign upward of 100 people 
to that job if it really goes forward. 

Dr. GLENNAN. This reflects the experience which the AEC had, Mr. 
Chairman, in the two Geneva Conferences on Atomic Energy. 

Dr. Drypen. Our Government has been pressing to hold this con- 
ference this fall and time is very short. We have had to make plans 


to be able to move ahead very, very promptly if the decision should 
be to hold this meeting this fall. 


Mr. Jonas. That is all. 
Mr. Tuomas. Off the record. 
(Discussion off the record.) 





PROPOSED STAFFING FOR LANGLEY RESEARCH CENTER 


Mr. Tuomas. The table on page 13-20 deals with Langley. It shows 
that Langley had 3,220 people in 1960. You are not increasing it. 

You have 3,220 this year. Can you briefly describe the activities at 
Langley? You have 25 percent of your people engaged in research 
on manned airplanes. 

Mr. Apsorr. Yes,sir. The activity at Langley is directed primarily 
these days toward the problems of structures and materials in the 
environment in which they will be exposed in space and during re- 
entry, together with the associated aerodynamics and aerospace 
mechanics. 

Mr. Tuomas. Here are 3,200 people. They were set up and equip- 
ped and trained with equipment to do airplane work. You have been 
out of the airplane business now for about a year and a half. Why 
has there not been a reduction in your personnel load? You have a 
wagonload of money back here for construction to go in the labora- 
tory, including modernization. You give us the justification for it, 
it has to be done because what is there now is not fitted to your work- 
load. How come you have all these people here? 

Mr. Aprorr. We have all these people here because the research 
problems in this new technology are greater and more pressing than 
they ever were in aeronautics and the skills of these people are 
needed to get solutions to these problems before we put all the coun- 
try’s money down a rathole trying to develop new vehicles for which 
the research information is not available. 

This is the primary reason. 

Mr. THomas. These people were not working on space. That is 
what your new agency was set up for. 
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Mr. Ansorr. I would like to point out, sir, there was nobody in this 
country working on space just a short while ago. These people are 
well equipped and better trained to work in space than most others. 

Mr. Tuomas. In other words, you take the position here is an or- 
ganization and you weren’t going to reduce it. You were going to 
balloon it up regardless of the workload for the time being and. let 

them sit there until you build equipment ? 

Mr. Apsorr. No, sir. 

Mr. Tuomas. Explain it, then. How do you justify this equip- 
ment item you have here when you say it is not suited to your needs? 

Mr. Aszorr. Some of the equipment is not suited to our needs. 

Mr. Tuomas. Would it not follow that some of your people were 
not suited to your needs ? 

Dr. GLENNAN. They can be retrained. 

Mr. Axssorr. They can be retrained. Those who cannot be re- 
trained have left. There has been some turnover. 

Mr. Tuomas. I do not see any of them leaving here. You had 3,220 
last year and you have 3,220 this year. 

Mr. Assorr. I am speaking about individuals rather than the total. 

Dr. Drypen. The rate of modernization of facilities represented by 
the amount of money in this bill, Mr. Chairman, is no higher—if any- 
thing, it is somewhat less than it ever was while we were doing aero- 
nautical work. The reason that the Space Agency was built around 
NACA as a nucleus was because we did have the people who had the 
skills suitable for space. 

Mr. THomas. You have it just about to the point of perfection for 
aeronautical work. You could not get it any better than you had it. 

Dr. Dryven. I think there is still plenty to do in the aeronautical 
field. ‘That is another question. We have within the present NASA 
most of the people in the Government who had the skills necessary to 
work in space. We started with those in the old NACA who had the 
background, for example, in structures and materials suitable for use 
at high speeds, and in all the rest of the related problem areas. We 
took the people in the Navy who had been carrying on the VAN- 
GUARD program—a part of the civilian space program. We now 
have taken the people in the Army who were carrying on the large 
booster work as a part of the civilian space program so that we do 
now have a collection of the most highly qualified people in the coun- 
try that were within the Government service, and the best facilities. 
In their support we enlist the resources of the defense industries of 
the country that used to build airplanes and are now building missiles 
and space vehicles, and the great electronic companies who have 
turned their attention to the kinds of equipment needed in the space 
program. As we have mentioned, about three-quarters of the money 
that you are assigning to the space work is spent on the qualified peo- 
ple who are outside of the Government service and about one-fourth 
of it, on the people in the Government service who are most qualified 
to enter a field of activity which was nonexistent before 1957. 

Mr. Trromas. I need one or two more fingers for these charts. What 
is your construction program here at this installation ¢ ? 

Dr. Drypen. A little over $11 million. 
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Mr. Tuomas. You have a leadtime in there for those facilities of 
about 24 months ? 

Dr. Drypen. That is about right. 

Mr. Tuomas. What will these people be doing? You said the only 
reason you want this $11 million worth of new construction is because 
what you have there is not suited for your needs. It will take 24 
months to build it. 

Mr. Assorr. I would like to point out there has been extensive re- 
organization and changing activity at the center. The flight research 
work on conventional “airpl: ines there has been stopped “completely, 
the Aerodynamics Division has been disbanded. 

Mr. Tuomas. What became of the people? 

Mr. Ansorr. They have done several things. 

Mr. Tuomas. The records do not show that they departed. 

Mr. Aspsorr. We had to increase the complement at the Flight Re- 
search Center at Edwards to take care of the X—15 airplane. Some 
of the people went there. Many of them have been retrained in other 
activities. They had skills which made them subject to a compara- 
tively easy retraining. 

Some of them individu: lly are no longer with us at all and have been 
replaced. 

Mr. Tuomas. How many vacancies did you have at Langley on 
January 1? 

Mr. Uuaer. Actually, at Langley we had no vacancies. As Mr. 
Abbott pointed out, there is a transition where people were drop yped 
from Langley and the positions transferred to the high-speed station. 
That table on page 9 that you referred to, in the 1960 and 1961 
column—— 

Mr. Tuomas. If they were dropped, why don’t your tables show it? 

Mr. Uuaer. I think they do. On page 9, if you will look at the 
1959 column, you will see 3,297 dropping to 3,220 in 1960. 

Mr. Tromas. 3,297 in 1959, down to 3,220 and you have had it there 
for 2 fiscal years. 

Mr. Utmer. We are in the fiscal year 1960 and we will be at 3,220 
by the end of fiscal year 1960. 

Mr. Tomas. My table on page 12 shows 1960 fiscal year you had 
3,220 and fiscal year 1961 you have 3,220. 

Mr. Umer. Yes; the 1959 figure which is the start of fiscal year 
1960 is 3.297. During the year we will come down to 3,220. At the 
present time we have 3,215, on the rolls at Langley. This reduction 
1s taking place at Langley, at Ames and at Lewis. These reductions 
are offset by an increase at the Flight Center that Mr. Abbott spoke 
of in connection with the X-15 program. 

Mr. Tuomas. In 3 years you show a reduction from 3297 down to 
3,220. 

Mr. Umer. Yes, sir. 

Mr. Tuomas. That is 7! 9 people, less than 1 percent. 

Dr. Grennan. One of the few agencies of the Government that ean 
say that. 

Mr. Tuomas. What is that, one-fourth of 1 percent ? 

Mr. Utmer. It is over 2 percent, I think. 

Dr. Grennan. At the same time, our business has gone up five, six, 
seven fold. 
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Mr. THomas. What is that, Doctor ? 

Dr. GLENNAN. At the same time, our responsibilities have gone up 
five, six, or sevenfold, sir. 

Mr. Tuomas. Spell that out, please, sir. 

Dr. GLeNNAN. At the time that 1 came aboard—— 

Mr. Tuomas. It has gone up a hundred percent. You were taken 
out of the airplane business and put in the space business. On the 
basis of that, you are a hundred percent 

Dr. Guennan. NACA’s budget at the time we came aboard was 
$100 million. We are asking, 18 months later, or 21 months later, for 
$915 million. That is ninefold. 

Mr. Tuomas. That is dollarwise. What about your units? 

Dr. GLENNAN. Personnel has gone up twice, of which all except 
about 1,500-—— 

Mr. Jonas. You misunderstand the chairman. He knows it has 
gone up. He wants to know what all those people are doing. 

Mr. THomas. He did not misunderstand. 

Dr. GLENNAN. I was with the chairman one day down in Hunts- 
ville. Hesaw what they were doing. 

Mr. Tuomas. He did not misunderstand. 

Answer Mr. Jonas’ qnestion. 

Dr. Guennan. I think I did. Iam not sure. 

Mr. Jonas. I just said the chairman had the idea you had too many 
people down at Langley 





PROPOSED STAFFING FOR AMES RESEARCH CENTER 


Mr. Tuomas. Let us take a look at Ames. 

In 1960 you had 1,440, 1961, you want 1,440 people. Briefly de- 
scribe your activities there. 

Mr. Asporr. The activities at Ames are primarily in the field of 
very high speed aerodynamics, with emphasis also on automatic sta- 
bility and control, including trajectory control, and also a certain 
amount of research relating to materials, particularly with regard to 
the reaction of materials at very high temperatures during reentry— 
not strictly materials research, but ‘the reaction of materials to their 
environment during reentry; and impact work, such as from meteor- 
oid impact on vehicles in space for which we use very high speed 
guns. 

Again, conventional airplane flight testing at Ames has been dis- 
continued and the work has been largely reoriented toward space 
activities. 

Mr. Tuomas. Is your Edwards facility complementary to this one? 
What do you do at Edwards? 

Mr. Apssorr. Edwards is the only place where we conduct flight 
tests on conventional airplanes. The activity there is to a very large 
extent, over 90 percent, on the X—15. 

Mr. Tuomas. I thought you had some engine testing facilities at 
edwards. 

Dr. Drypen. The engine test facilities at Edwards are Air Force 
facilities. 

Mr. THomas. Not yours? 

Mr. Asporr. No, sir. 

Mr. THomas. Not NASA’s? 
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Mr. Azsorr. No, sir. 

Dr. Strversrern. There is a very small JPL solid rocket stand at 
Edwards. 

Dr. Grennan. And a liquid rocket stand. 

General Osrranver. I think you had reference to my remarks where 
we were modifying some of the Air Force stands. 

Mr. Tuomas. No. This one has been built as well as I remember 
2% years. I think you are looking for some money to modify it. 

Mr. Horner. That is right. That is the facility used in connection 
with the JPL program. 

Mr. Asporr. The engine test facilities are completely separate. 

Mr. THomas. You are not going to reduce this? You have a lot of 
construction money here. Some of these buildings will not be ready 
for 27 months. ' 

Mr. Assorr. For Ames? 

Mr. Tuomas. Yes. 

Mr. Axssort. We are requesting only $980,000 for construction at 
Ames. 

Mr. Tuomas. What are the items? 

Dr. Drypen. One item of centrifuge equipment. 

Mr. Tuomas. When will that be ready? What is the lead time on 
that? It.is the shortest period of time as I remember this item. 

Mr. Umer. It is very short, 8 months. 


PROPOSED STAFFING FOR LEWIS RESEARCH CENTER 


Mr. Tuomas. In 1959 you had 2,783 personnel at Lewis, in 1960, 
2,736, and for 1961 you ask for 2,736. 

What about your Lewis Laboratory? 

Mr. Agssorr. The work at Lewis has been reoriented almost com- 
pletely from jet engine work which they were doing just a short 
while ago. 

Mr. Tuomas. You were engaged exclusively in fuels and power de- 
velopment here. 

Mr. Assvorr. We are still engaged exclusively in fuels and power 
development, but now in connection with roc ‘kets, in connection with 
power supplies for space craft rather than with airplane engines. 

Mr. Tuomas. How much construction do you have here? 

Mr. Asporr. We have two items. 

Mr. Tuomas. You havea couple of laboratories. 

Dr. GLENNAN. $9,100,000 

Mr. Tuomas. Your le: \dtime is 214 years. 

Mr. Assorr. We have an energy conversion laboratory and a basic 
materials research laboratory ; yes, sir. 

Dr. GLENNAN. Twenty-seven months on one, and fifteen months on 
the other. 

Mr. Tuomas. You will keep all this personnel during that time, wait- 
ing for your new facility ¢ 

Mr. Anzorr. We are not keeping personnel waiting for new facili- 
ties. Weare very short on personnel, sir. 

Mr. Tuomas. What do you need with the new facilities ? 

Mr. Anzorr. When we get the new facilities, we are going to have 
to stop doing things that we are doing now. The lowest priority things 
will have to go to permit us to man the new facilities. 
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Dr. Drypen. Unless you provide the additional personnel required 
when the time comes; it depends on the state of the space program at 
that time. 


PROPOSED STAFFING FOR FLIGHT RESEARCH CENTER 


Mr. Tuomas. Do you think that is the answer. You have a flight 
research center. 

Put 13-23 in the record. 

(The chart may be found on page 302.) 

Mr. Tuomas. Where is this located ? 

Mr. Assorr. This is located at Edwards Air Force Base, Calif., 
and their main activity, in fact, almost their only activity at the mo- 
ment, is on the X—15 airplane. 

Mr. Tuomas. What was the personnel here in 1958 and 1959? I 
remember when you had less than a hundred out there. 

Now, you have around 400. 

What is the total personnel at the flight center ? 

Mr. Umer. 416 at the end of this year. 

Mr. Tuomas. 336, 416, 416 for 1959, 1960, and 1961. 

Repeat what they do for the record. 

Mr. Asprorr. They are working on the X-15 airplane. As you know, 
this is a cooperative program. ‘The airplanes are being turned over 
tous. We already have the first one and two others will be received 
this year. We are going to conduct an extensive series of flight re- 
search tests with these three airplanes. 

Mr. Tuomas. What is the altitude on the X-15 and what is the 
speed ? 

Mr. Assorr. The speed that has been stated publicly is in the vi- 
cinity of 4,000 miles an hour. The airplane was designed to reach an 
altitude of 50 miles, and we will go as much higher than that as it 
will prove possible to go. 





Teuuosised ga e 
Teauosrzed gp 20730 6) 


Teaucesed GA gOT 
Teuuossed GH 10420 6 sug sey orey £T-3D g 
«Bug sey O7ey HT-SD 6 

<Bug sey orev ST-90 £ 


A x8ug zedo 114 €T-s0 £ 
€T-SO T 


2g Sey Orey peydeoxg 1 
qorvessy ‘JeTUD yesy peqdeoxg T 





¢ 9 Tewucezed ga = ‘z 
T Teuuosred qa 92 ¢ Teaucezed gp 1230 Of Tt 2°Tld 9 <Pug sey oz0ey 
Teuuoszed gD z0m0 LE P Bug sey £T-Sd £ P 2°Tld 9 APug sey OLeY HI-SD T 
7 aug sey ‘adng 9-90 T , 2°Tld 9 Bug sey Orey ST-SD 2 i 
000'ST $ ATC <309Ur ‘zeTUD peqdeoxy 1 . 20TTd 8ey Orey peqdeoxyg 2 006 ‘ST $ ‘ATC Gosvesey ‘zeTUD peqdeoxg T 
MOISTAIC SHOLEVWEdO MOISIAIC EOuVasay 


*O6T 
6 ZaoFJJO Teuuosited £T-SO T 
‘Tr ¢ 229530 WM EPY 4T-9D T 


MOISIAIC SOLIVGGIMGISE 


ol} 


2 
Teauosred gh 10430 T 
Bug sey O19Y ST-9D T 


10728170 yeey peqdeoxg 1 
2070027 pewdeoxg 1 


WOLo@Od 40 L4s0 


302 





Y3LN39 HOYVSS3SY LHS 


1961 YV3A “WWOSI4 
LYVHD ONISZSVLS TANNOSU3d J3ISOdOUd 


NOILVULSININGY 39VdS GNV SOILNVNOY3SV TWNOILVN 





303 


Dr. GLENNAN._ That is twice as high as any other manned airplane 
that has thus far flown. 

Mr. Asporr. More than twice. The design speed and the design 
altitude is more than twice as high as any other manned airplane. 

Mr. Tuomas. What is the economical speed of the plane ? 

Mr. Asporr. In the immediate future I foresee an economical speed 
for airplanes in the vicinity of 2,000 miles an hour, with a growth 
potential to 2,500 to 2,700 miles per hour. 

Mr. Tuomas. What would be more or less a probable working alti- 
tude, 25 or 30 miles rather than 50 miles ? 

Mr. Axnsorr. For economical airplanes like that, I would think in 
the general vicinity of 70,000 to 80,000 feet. 

Mr. Tuomas. 70,000 to 80,000 feet. 

Mr. Apporr. Yes. 

Mr. Tuomas. I thought I understood you to say a while ago 50 
miles. 

Mr. Assorr. The X-15 is designed to reach an altitude of 50 miles. 

Mr. Tuomas. But a more probable altitude would be your seventy 
or eighty thousand feet ? 

Mr. Ansorr. For very much slower airplanes; yes, sir. 

Mr. Tuomas. But this particular research plane is capable of going 
higher distances ? 

Mr. Asporr. Yes, sir. It is capable of going very much higher 
distances at very much higher speed. 

Mr. Tomas. Has this flown on its own power yet ? 

Mr. Apporr. Yes, several times. 

Mr. Trromas. It was taken up and dropped and then it came down 
under its own power ? 

Mr. Anporr. It is always carried aloft by the B-52, Mr. Thomas. 
Then it is dropped. The rockets are started after it is dropped from 
the B-52. This has been done several times, several times for two 
airplanes. 

Mr. Tromas. I remember reading about it twice or maybe three 
times. On each occasion it was taken aloft by a mother plane. 

Mr. Anporr. Yes, sir. 

Mr. Tuomas. It stayed in the air 2 or 3 minutes ? 

Mr. Ansorr. It is a little longer than that. It is on the order of 
10 to 12 minutes. 

Mr. Thomas. How much longer are you going to continue this 
activity that is costing you around $3,679,000 in 1961 for personal 
services alone; and you haven't put in your other research or develop- 
ment costs, but personnel costs are listed here. 

Mr. Anvorr. I can foresee 2 years for certain, Mr. Thomas. Be- 
yond that, I do not know. 

Mr. Tromas. What is this installation cost, wrapped up, for sal- 
aries, expenses, other objects and everything? What is NASA’s part? 

Mr. Unaer. $4,729,000; $1,050,000 under the “Research and de- 
velopment” appropriation, and the $3,679,000 that you mentioned 
under the “Salaries and expenses” appropriation; there is no con- 
struction for that station in 1961. 

Mr. Tuomas. 3.6 million, S. & E. 

Mr. Utmer. Yes, and $1,050,000 under R. & D. 
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Mr. Asporr. I might mention that it is estimated that the support 
which the Air Force would be supplying for this X—15 although we 
are flying it, will be approximately twice our direct costs on the 
airplane, 

Mr. Tuomas. Twice? 

Mr. Assorr. They will be putting some $7 or $8 million a year 
into support. 

Mr. Ruopes. Mr. Chairman, may I ask one question ? 

Mr. Tuomas. Yes, sir. 

Mr. Ruopes. Did you mean the powerplant of the X-15 will only 
remain in operation for 10 to 12 minutes or did you mean it would 
remain in flight for 10 to 12 minutes after it is dropped from the 
mother plane ‘ 

Mr. Asporr. I would have to look these times up to give them to 
you exactly. The time of operation of the powerplant is less than 
that. It is on the order of 5 or 6 minutes at full throttle. It de ‘pends, 
of course, on how fast you burn up the propellants. When the pro- 
pellants are all gone, then you are through with the power. Then 
the time remaining is just the time to glide back down to land and at 
these speeds, the rapid sinking speed of that airplane, it is not very 
long. 

Mr. Ruopes. It must get down pretty fast if your flight is only 10 
or 12 minutes. That is my point. 

Mr. Apporr. I think I underestimated the total flight time. It 
depends, of course, on the mission. It runs more like 15 minutes. 

Mr. Ruopes. Can it get up to 50 miles in altitude with the power- 
pli unt only in operation from 5 to 6 minutes? 

Mr. Anrorr. Yes, sir. We hope it will go very much higher than 
that. This is merely the design point. 

Dr. GLENNAN. It is just a rocket, a straightforward rocket. 

Mr. Tuomas. But it is manned? 

Dr. GLENNAN. Yes. 

Mr. Tuomas. Mr. Rhodes, did you hear the last? It is a rocket but 
it is manned. 

Mr. Ruopes. I know. 

Mr. Tuomas. I would not want to be that man. 

What fuel does this plane use / 

Dr. Drypven. It uses liquid oxygen and ammonia—anhydrous- 
ammonia. 


PROPOSED STAFFING FOR GODDARD SPACE FLIGHT CENTER 


Mr. Tuomas. Let us take a look at the new Goddard Center. 

Mr. Tuomas. The organizational chart shows that you are increas- 
ing your personnel from 1,214 to 2,000. What is the activity of this 
new center ¢ 

You have a lot of construction going on out there this year, I notice. 
This is your new one. This deals purely with your announced activi- 
ties? You did not inherit this? You built this. It is your own 
handiwork. 

Dr. Strverste1n. The Goddard Center has the responsibility within 
this framework of our space flight programs for handling the sound- 
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ing rocket and the satellite program. You recall this morning that 
the outline of the program includes the sounding rocket—about 100 
sounding rockets a year—and the scientific flights as well as the appli- 
cation of the satellites in manned space flight. From the standpoint 
of our field activities, the group carrying on this work 

Mr. Tuomas. If my memory serves me correctly, the figure you 
have in the justifications is 90 sounding rockets a year, 10 of which 
are going a way upstairs and, perhaps, 20, and 70 more downstairs, 
is that correct ? 

Dr. Srtversrern. Yes, sir. 

Mr. Tomas. You may proceed. 

Dr. Stiversrern. I think the chart which I showed the committee 
this morning had over 100, but I think these figures adjust them- 
selves between the time of our initial planning of the program and 
as we move along with the program. 

This group at Goddard comprises the scientific talent, the scientists 
who are essentially experts in these upper air sciences, 





WALLOPS STATION 


Mr. Tuomas. Let’s take a look at your situation at Wallops. You 
go from 225 to 300 employees. 

How does Wallops fit into the picture? This is your handiwork, 
too, is it not ? 

Dr. Sitverstern. Yes, sir. The Wallops Station is utilized for 
launching sounding rockets, test. vehicles, and small satellites. The 
Goddard Center will be the data center for all NASA space opera- 
tions; it will also be responsible for payloads, primarily for earth 
satellites, and for directing the manned space flight program. With- 
in the chart you will see there is one division under the Assistant 
Director for Tracking and Data Systems. It is these people who are 
responsible for bringing into the Goddard Center the electronics 
tracking information and other data from our space operations. 


GODDARD CENTER 


Mr. Tuomas. You really set this up as a data processing center, did 
you not ¢ 

Dr. Sutversrern. Yes, sir. 

Mr. Trromas. Now you are going to build a couple of laboratories. 
Your last justification was to the effect that it was going to be your 
data processing center. 

Dr. Sttverstern. That was part of our original justification. 

Mr. Tuomas. Now you come in with two new laboratories and 800 
people. 

Dr. Sirverstern. I think you will find in the original justification 
that we — intended to center the activity relating to data processing 
there. I do not recall the wording exactly, but this was certainly our 
intent. 

Dr. GLENNAN. It was called the space flight control center. 

Dr. Strverstetn. We have intentions of putting this work here 
and the people here are going to be responsible for monitoring the 
contract activities which will be carried on with industry and “with 
the various universities. 
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Mr. THomas. What will your 1,200 people be doing and what wil] 
your 800 additional people do here ¢ 

What is the nature of their activities? You are going to build a 
laboratory or two laboratories 

Dr. Stiversrein. The 1,200 people we have currently are engaged 
partly in the laboratory, doing scientific work in the deve lopment of 
the instrumentation and in the development of the flight package. 

Mr. Tuomas, Please turn to your chart which appears on pages 
13-24 of the justification and show us where your 1,200 people are now 
and where you will put these 800 additional. 

Dr. Strverstern. This chart was made up for our total of 2,000 
people. We have currently some 538 people, I think, in our Sam 
space flight activity. These are people who are housed at our Langley 
Center and are responsible for the overall Langley program 
development. 

In Washington here, at some three different areas, we have housed 
the remaining people—some 700 approximately. About 120 of these 
are in the activity of processing the procurement documents and con- 
tracts for some several hundred millions of dollars; they will have to 
process during the period of 1960-61 all the contracts with industry 
and with the universities. 

We have some 338 people in this Division called Assistant Direetor 
of Space Sciences and Satellite Applications. These people are the 

scientists, and the support for the scientists, who prepare the sounding 
tekst payloads and prepare the satellite payloads that are flown on 
some of the vehicles. They are responsible for the scientific followup 
of the satellites, instrumentation, and packaging. 

Mr. Tuomas. What is the laboratory which you want to build? 
What are the people doing now? = It will take 18 months to build the 
laboratory. 

Dr. Strverstern. This ties in with the developments in our space 
program. Currently, we are working with small vehicles and fairly 
small payloads. They are about this size [indicating] and they weigh 
about 95 pounds. This is the biggest payload we can put up with 
the vehicles we have now, but as our program moves along, about the 
middle of 1961, we will get into scientific satellites which will weigh 
up to 5,000 pounds. These satellites will be carried on our AGENA 
vehicle, perhaps, up to 8,000 pounds. Our laboratories will provide 
us the capability for doing envirnomental tests and putting together 
and checking out these bigger satellites. 

Mr. Tuomas. But you will not have room for these people to work 
for 2 years because you will not get your laboratories built under 27 
months. 

Dr. Surverstern. I think they are scheduled to be built in about 
from 15 to 18 months. That is about the time they will be needed. 

Mr. Tuomas. What are you going to do with your people before 
then ? 

Dr. Strverstern. Currently, our people are working very hard. We 
have part of our people located at NRL and we are building 

Mr. Tuomas. That is only 1,200 of om. We are talking about 
the additional 800 you expect to have by July 1. 

Dr. Stiverstern. Yes. In previous years we have received funds 
to initiate construction at our Goddard Center. Three buildings are 
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going up which will become available about the middle of this year 
as reported by Mr. Horner yesterday. We will use these buildings 
and they will house some approximately 1,100 to 1,200 of the people 
that we are going to bring aboard. 

Currently we are housing about 700 of our people at isolated spots 
such as NRL, the naval receiving station and in a building out at 
Silver Spring right in the W ashington area here. What we are going 
to do is to bri ing these people together. We have 538 people who are 
now located in ‘buildings at our Langley Center. This is the group 
which is doing our manned space flight program. So, basically, the 
job we have had to do is to create a staff to do this work and it is 
absolutely essential in order to get the job done that we have this 
staff and, secondly, we will have to go about the process of bringing 
the staff together where the work can ‘be done effic ‘iently and effee tively 
at acentral center by cross-fertilization. 

Mr. Tuomas. How many vacancies as of January 31 did you have 
in your 1,200-man organization ? 

Dr. Sutverstern. I think the vacancies were very small. 

Mr. Umer. There were 37 vacancies. 

Mr. Tuomas. How does your personnel load break itself down be- 
tween people with scientific and engineering backgrounds and admin- 
istrative people in your organization ? 

Dr. Strverstern. I do not have that breakdown at my finger tips 
but I can provide it for the record. 

Mr. THomas. Do you have an approximate figure, and then you 

ean straighten it out for the record 2 

Dr. Sitverstern. Yes. Out of this total of 1,214 there would be 
about 900 in the category of technical and scientific and 300 who would 
be considered to be wage board and supporting administrative per- 
sonnel. 

Mr. Ruopes. Mr. Chairman, he just mentioned the breakdown of 
the 1200. Do you not want him to break down the 800 he expects to 
hire as bet ween professionals and nonprofessionals ? 

Dr. Strverstern. I will provide that. 

(The information requested follows :) 


Goddard Space Flight Center personnel 


| Fiscal year | Fiscal year Increase 
| 1960 1961 
eal mam 
| 

Professional . : Ste 5 . 593 885 | 292 
rechnical support = paebes 370) 689 | 319 
Administrative 251 426 | 175 
Total ; dew 1,214 2, 000 | 786 


PROPOSED STAFFING FOR WALLOPS ISLAND STATION 


Mr. THomas. What about your Wallops Island station ? 

We shall insert at this point in the record the chart which appears 
at page 13-25 of the justifications. 

(The chart referred to follows :) 
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Dr. Sirverstein. This Wallops group has been in operation for 


quite some t ime. 


Mr. Tuomas. I note you go from 225 people to 300 people. 

Dr. SitversteIn. Yes, sir; they are increasing. This is a group 
which has been active for a number of years. I think our initial ac- 
tivity at Wallops started back in 1945. They have been responsible 
for essentially developing a whole new technique for operations at high 
altitudes and at high speeds. We are using the Wallops station for 
a high percentage of our sounding rocket flights and also are planning 
that the SCOUT satellite vehicle will be fired from Wallops. 

The station consists, of course, of small launching facilities and 
rather extensive tracking and data recovery facilities in the nature 
of antennas to recover telemetry data and to track the bodies that are 
being fired from Wallops out to distances that the range extends. 

Mr. Tuomas. We already have the table on Huntsville in the record, 
but let it show at this point that it is page 13-26. 

You took over in the last 30 or 40 days about 4,300 people from the 
Army and some supporting personnel, and to that you are adding 
new people for a new total of 5,500. 

Isthat a fair statement ? 

Mr. Umer. That isa fair summary; yes, sir. 


PROPOSED STAFFING FOR WESTERN OPERATIONS OFFICE 


Mr. Tuomas. This Western Operations Office is really getting up- 
stairs. I remember when you had two people there, Doctor. 

Do you remember when you had two people there ? 

Dr. Drypen. Yes, sir. That was when the function was solely one 
of technical liaison. 

Mr. Tuomas. Now you have 32 and are asking for 46; is that right? 

Dr. Drypen. Yes, sir. I will ask Mr. Horner to speak to this. It 
has to do with the administration of contracts. 

Mr. Tuomas. We shall insert at this point in the record the table 
which appears at page 13-27 of the justifications. 

(The table referred to follows :) 
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Mr. Tuomas. You have in your Administrative Division, 12; Pub- 
lic Information Division, 3; in your Contracts Administration Divi- 
sion, 11; in your Technical Division, 13; and in your Legal Division, 
4. The Office of the Administrator has two. 

What do all of these people do? 

Mr. Horner. The bulk of the work is in contract administration 
and contract auditing. The legal work in connection with our con- 
tract activity in the Western United States and in the technical liai- 
son capac ity in the Technical Division—— 

Mr. Tuomas. What functions do they serve and what installations 
do they serve ¢ 

Mr. Horner. They administer the contracts we have with the Cali- 
fornia Institute of Technology which employs the Jet Propulsion 
Laboratory. 

Mr. Tuomas. You have the Jet Propulsion Laboratory, Edwards 
and what else ? 

Mr. Horner. They do not serve Edwards. Edwards has its own 
complement of personnel. The western office handles contract ad- 
ministration with industry in the California area. 

Dr. Dryven. It is really a location of part of the headquarters 
staff on the west coast so they do not have to be running back and 
forth to Washington all the time. 

Mr. THomas. What installations do they serve out there? 

Mr. Horner. They serve all of the centers and the headquarters in 
a technical liaison capacity. 

Mr. Tuomas. Just what are their duties? Do they make contracts 
out there, or are they made at the central office ? 

Mr. Horner. Ordinarily, the contracts are negotiated either by 
headquarters or by the centers, but they are then turned over to the 
Western Operations Office for contract administration. They, for 
example, authorize contract change on the basis of guidance which 
they receive from Washington of the field centers. T hey also perform 
technical liaison on a day- -to-day basis for the individual develop- 
ment projects that we have in industry in the Los Angeles area. It 

saves a great deal of traveling from our other centers “and from the 
headquarters to the Los Angeles location by virtue of having these 
people here, and we feel it is an economy. 

Mr. Tuomas. You have 12 administrative people. What do they 
do? Do they take care of the 44 people? What is the nature of 
their duties ¢ 

Mr. Horner. The Administrative Division that is shown here 
actually includes the auditing function which I mentioned earlier and 
the personnel services that are normal to that kind of an operation. 
They also handle many personnel services for visiting personnel who 
are there on business. 

Mr. Tomas. That west-coast operation is, perhaps, one of your 
biggest segments is it not, in that they handle the Cleveland business 
also ? 

Mr. Horner. No, sir: just industrial contracts west of Denver. 

Mr. Ansorr. They do when Cleveland is buying something in that 
area, and they helped out very much just a few weeks ago on one 
matter on which we were working. 
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Mr. Tuomas. You have 400 or 500 people in the central office and 
you have 44 or 45 out there. 

Mr. Horner. I am sorry, sir. I may have misunderstood your 
question, Mr. Chairman. They do handle the business for Cleveland, 
Langley, and for all of the centers and for the headquarters that is 
carr ied on in the Los Angeles area. For example, we have contracts 
with Rocketdyne for the development of the F-1 engine. 


NASA HEADQUARTERS OFFICE 


Mr. Tuomas. What do these people do in the District of Columbia! 
You have 600 or 700 here. What do they do with regard to that 
business on the Pacific coast ? 

Mr. Horner. The actual program implementation is not a function 
that we carry out within the headquarters. The coordination of the 
program and its interlacing with that of other governmental agencies 
is a responsibility of the people in Washington. Of course, our busi- 
ness with the Congress is a function of the headquarters. The West- 
ern Operations Office is more concerned with the actual implementa- 
tion of the program and the actual day-to-day operations of the con- 
tractual program in the California area. 

Mr. Tomas. Can you put your finger on that table for the central 
office? How many are there? How many do you have in the District 
of Columbia doing this same work ? 

Mr. Horner. Of course, we have the same types of work at almost 
all our locations. We have legal people, for example, at every center, 
at the headquarters office and at the Western Operations Office. 

Mr. Tuomas. In addition to those in the District of Columbia? 

Mr. Horner. Yes, sir. 

Mr. Tuomas. You have 40 in Financial Management, 29 in Per- 
sonnel—you have 20 in your Management Ani: ilysis Division, 19 in 
your Audit Division, 44 in the Procurement and Supply Division, 
and 53 in the Administrative Services Division. 

Dr. Guennan. Mr. Thomas, as compared with some of our sister 
agencies, our percentage of headquarters personnel is very low. I 
think, really, we ought to have you understand the situation. 

In the March 7 Congressional Record, on page 4335, it is shown 
that the National Aeronautics and Space Administration had a per- 
centage of 4.3 as of the end of fiscal 1960, and that the General Serv- 
ices Ac ‘ae Ds aa ation had 9.3. 

Mr. THomas. What do you mean by “4.3”? 

Dr. GLennan. 4.3 percent of our total staff in headquarters, as com: 
pared to our tots al personnel, sir. The Atomic Energy Commission 
had 25.3, the Federal Aviation Agency had 8.7, and the Small Busi- 
ness Administration had 23.6. Some of those are not directly compa- 
rable. But I make the point that in attempting to plan and manage 
a budgeted expenditure of the size we are talking about, and involving 
the number of diverse people and installations, ‘T think for an agency 
which is exceeded in business by perhaps only a few corporations in 
the United States, we are doing it with too few people. 

Mr. Tuomas. But you have that same setup at each one of your 
installations. 


mn 
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Dr. GteEnNAN. At the local level to manage the 3,000 people at 
Langley, for instance, they have their administrative staff, but some- 
body has to pull this all together and someone has to answer questions 
here. Someone has to worry about our relationships with the other 
agencies and someone has to worry about our relationships with the 
public g generally, and someone has to decide how we are going to plan 
this w ork and program and present it to you. 

Dr. Drypen. And, to get some uniformity in policy between the 
field install: ations in all of these matters. 

Mr. Tuomas. It takes that many, even though you have a duplica- 
tion setup to do the same thing at each one of your installations? 

Dr. Drypen. If you left it to themselves, you would have 10 dif- 
ferent ways and 10 different, policies. 

Mr. Horner. Of course, we do not have a duplicate setup at each 
one of these locations. It is quite different at the center level. Some 
areas of work are dominant and other areas are very minor in com- 
parison to those that you find at headquarters. 

Mr. Tuomas. Well, that is an assumption with which everyone may 
not agree. 

Dr. Drypven. It is the same as the difference between the New York 
management of a big corporation and the management of each one of 
its field offices. The New York office fixes the general policy of the 
company and takes care of the other relationships and the local level 
runs the local business in accordance with the central policy. 

Mr. Tuomas. Why do you need 650 people in the District of 
Columbia to manage your half-dozen installations when they are 
carrying out your orders? That is what I do not see. 

Dr. Drypen. The variety of jobs which have to be done at head- 
quarters to pull together and into a single program the activities 
of 16,000 people is very great. They range all the way from 

Mr. Tuomas. You are not doing it in the day-to-day work at the 
central office. The people in the “field are doing that and they are 
managing their own people. 

Dr. Dryven. It is a different kind of day-to-day work, with the 
Department of Defense, with AEC, with Congress and other agencies 
of Government as well as with industry representatives. We find 
something to do every day, I can assure you. 

Dr. GLENNAN. Every day, including Sunday. 

Dr. Drypven. There is a new crisis every day. 





PROPOSED STAFFING FOR ATLANTIC MISSILE RANGE OPERATIONS OFFICE 


Mr. Tuomas. Now, we come to the Atlantic Missile Range Opera- 
tions Office. This is located down at Cape Canaveral, is it not? 

Dr. GLENNAN. Yes, sir. 

Mr. Tuomas. How many people do you have there? 

Mr. Umer. We currently have 12 people there, Mr. Thomas. 

Mr. Tuomas. Is this the one where your AMRO office is located ? 

Mr. Unmer. Yes, sir; the Atlantic Missile Range Operations Office. 

Mr. Tuomas. You set it up for 26. How many do you have there 
now ¢ 


Mr. Umer. We have 12 on duty now, sir, out of an authorized 
strength of 20. 
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Mr. Tromas. There are 23 on this chart. Did I overlook any of 
them? The ones at the top makes 26? 

Mr. Utmer. Yes. We are requesting a total of 26 for 1961. 

Mr. Jonas. Will you yield at that point, Mr. Chairman ? 

Mr. Tuomas. Yes. 

Mr. Jonas. Is this rather more of a liaison office? They do not 
do any actual planning or research or programing, do they ? 

General Ostranper. It is primarily a liaison office. They make the 
necessary arrangements with the range to provide us the services we 
need for launching our vehicles. 

Mr. THomas. You had 12 people when I was down there and you 
had, apparently, a Director who was all over the lot and who appar- 
ently knows his business and gets around pretty well. Frankly, I 
did not see how you could use 12 people down there, much less 26. 
Your work is planned up here and your contractors carry out your 
shots down there. You work hand in glove with the Air Force. 

What is the use of building this up now? 

General Osrranper. Our firing rate will be building up at a mucl 
greater rate. 

Mr. Tuomas. But these people are not going to do the firing. 

General Ostrranper. Yes, sir; but they have to place upon the range 
our requirements for tracking and for data and for facilities and so 
on in order that they know what we need to get out of our shots. 

Dr. Giennan. It is a technical and administrative housekeeping 
group. 

Mr. Tuomas. I note that you have two GS-14’s, three GS—13’s, one 
GS-18, one GS-15, and so on. 


TRAVEL 


Your travel goes up at the headquarters from $922,700 to $1,000,000. 

Why the increase in so much tr avel at the headquarters? Your 
entire travel bill is what? Is it $5 million this year? 

Mr. Umer. It is $5,849,000 for 1961, Mr. Thomas, and it is 
$2.866.400 for 1960. 

Mr. Tuomas. It is $2,866,400 for 1960 and goes up to $5,849,000 in 
1961. 

Your headquarters travel jumps from $922,700 to $1,100,000. 

Mr. Utmer. Mr. Thomas, the main reason for that increase is the 
additional activity programed in the space flight programs and oper- 
ations which Dr. Silverstein discussed earlier and which General 
Ostrander discussed, particularly in connection with the tracking 
ranges coming into operation and the increased firings involved in 
the MERCURY program. 

You recall last year, Mr. Thomas, we asked you to go along o1 
faith on our travel estimate until we had a year of experience under 
our belt. I think our estimate last yoer has proved to be fairly rea 
sonable. If you prorated our current $2.8 million allotment figure 
on a straight line month-by-month basis, we would come out with a 
January 31 allotment somewhere in the neighborhood of $1.7 million. 
We had obligated on that date about $1.5 million. We are about 
$200,000 under what you might call a straight-line basis. 
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Mr. Tuomas. Who is going to do the traveling at the national 
headquarters? How many people are in a travel status? 

Mr. Uumer. Well, there will be many people in a travel status but, 
mainly, the technical people reporting to Dr. Silverstein, General 
Ostrander, and Mr. Abbott in directing and coordinating the pro- 
erams at the various NASA Centers. You will notice a breakdown 
down at the bottom of the $5.8 million, on page 14; $1.1 million is for 
our program coordination within our own activities and $1,440,000 
is for coordination with other Government agencies. The tracking 
item shows an increase of $943,000 to $1,950,000. This is the item 
we spoke of earlier which shows a substantial increase. 

It should be Samp out also that included in the $5,849,000 re- 
quest, is the entire travel requirement for the Huntsville activity 
which comes to us as a full year requirement for the first time. This 
appears as a Zero in the 1960 column. 

Mr. Tuomas. Where do the people at Huntsville travel to and from? 

General Ostranper. They will be traveling very largely to the 
Atlantic missile range. 

Mr. Tuomas. They go over to Florida, do they not? 

General OsTraANDER. Yes, sir. 

Dr. GLENNAN. As well as to Rocketdyne and Convair. 

General Osrranper. They will be supervising our contracts on the 
west coast on the AGEN A-B and on the CENTAUR, and they will 
be supervising contracts with Pratt & Whitney in Florida and they 
will be working with the Atomic Energy people at Los Alamos and 
in Washington as well as traveling to Goddard and JPL and traveling 
also to our research stations at Ames, Lewis, and Langley in con- 
nection with all our supporting research. 

Mr. Tuomas. You have traveled to meetings of technical commit- 
tees and working panels in the amount of $360,000. 

Are these outside people or are they your own people? 

Mr. Utmer. They are both, sir. 

Mr. Tuomas. You have listed “Meetings of technical societies, 
$189,500.” Is that for travel of your people to these society 
meetings ? 

Mr. Utmer. Entirely travel of our people to these outside technical 
meetings. 

Mr. THomas. You also have travel to initial duty stations in the 
amount of $250,300, do you not ? 

Mr. Uimer. Yes, sir. 

Mr. Tromas. How is your travel money lasting in the first 6 
months of this year? 

Mr. Unmer. I have a figure here, Mr. Thomas, as of the end of 
January. We have obligated about $1.5 million compared to an 
allotment. of $1,670,000. We are within the ball park of the rough 
estimate we gave you last year. 

Mr. THomas. Well, on that basis, you will have a carryover of 
$200,000 or $300,000 2 . 

Mr. Unaer. I suspect it will be somewhere around $100,000 or 
$150,000, but T think that is a fairly good estimate on a $2.8 million 
item in this kind of a program. 
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TRANSPORTATION 


Mr. Tuomas. Your “Transportation of things” runs into money 
also, and this does not include drayage and freight. ‘This is only the 
movement of your household goods. ‘Transportation of supplies and 
equipment, and drayage and other local transportation is charged to 
other contractual services under the R. & D. appropriation ¢ 

Mr. Utmer. Yes, sir. 

Mr. Tuomas. With reference to your transportation of household 
goods, how do you arrive at this figure of $442,000 as against 
$191,000 ? 

Mr. Uumer. Mr. Chairman, as you know, all Federal agencies have 
authority of law to pay for shipment of household goods to the first 
duty station. This 1s relatively new in Government and this is the 
major reason we see an increase. Another reason for the increase is 
the transportation of some of the Goddard people that Dr. Silverstein 
spoke about to the Goddard Center as its buildings are finished. 
Some of these people are now located at the Langley Center. 

Mr. Tuomas. There are 400 of them there / 

Mr. Utmer. No, sir, about 600. 

Mr. Tuomas. You will only move them a distance of 150 miles. 

Mr. Umer. Yes, sir. 

Mr. Tuomas. Is it 150 miles, or what? 

Mr. Utmer. Yes, sir; about 150 miles. Included here also—— 

Mr. Tuomas. And, you have in here about $250,000 for it. 

Mr. Utmer. We are also proposing to add somewhere in the neigh- 
borhood of 800 additional people; for some of these, we will have to 
pay the transportation of their household goods to the initial duty 
station. Our past experience has indicated that this type of cost. runs 
between $400 and $500 per person. 

Mr. Tuomas. I believe the law gives you that authority; which 
makes sense. 

Mr. Uxmer. Yes, sir. 

Mr. Tuomas. Since these people have been on duty down there for 
a long time, I doubt if they come within this law. 

Mr. Utmer. They do, sir; if we order a change in duty station. 

Mr. THomas. It might be bad news to them. 

Mr. Umer. If the transfer is required in the interest of the Govern- 
ment, we are authorized to pay their transportat ion cost. Where it is 
for the convenience of the employee, we do not. 

Mr. THomas. Wherever they are transferred at your orders, they 
are always subject to it ? 

Mr. Umer. Yes, sir. 

Mr. Tuomas. The first duty and transfers too, as well, as I re- 
member ? 

Mr. Umer. Yes, sir. 

Mr. Tuomas. You are not going to spend $250,000 to transfer 400 
to 500 people 150 miles? 

What will happen to the rest of it ? 

Mr. Utmer. The rest of it is involved in the initial duty transporta- 
tion cost of some of the 800 new employees we are requesting, plus 
similar costs for some turnover replacements. 
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Mr. Tuomas. Is my friend, the doctor over there, showing any turn- 
over? He only had 37 vacancies at one of his laboratories and 15 at 
another. They like to work with him. 

Mr. Umer. The turnover is about 11.5 percent a year, on an aver- 
age. 

COMMUNICATION SERVICES 


Mr. THomas. Your communication services almost double. They 
go from $883,600 to $1,314,000. 

At this point in the record we shall insert page 17 of the justifica- 
tions. 

(The page referred to follows :) 


O04 Communication services 
} 











Fiscal year Fiscal year | Fiscal year 
| 1959 1960 1¢61 
obligated | estimated estimated 
Analysis by location: | 

NASA Hes or ha citiduap tie snail ccine aleceaidanen valine $205, 531 $432. 000 $535, 000 
Langley Center. Jalictetmman entities +s detonate nro 51, 009 70, 000 | 82, 000 
Ames Center -_--..---- RGIS, EO IS tools Sn mereaes 32, 573 35, 000 42, 000 
ibe dhn shen bnnee apaadeewedinn swe wed 71, 039 75, 000 | 94, 000 
Flight Center... Daaniataednaenrlietrdineaittates ; 62, 313 15, 000 20; 000 
ee eee Spee 17, 377 | 203, 000 | 244, 000 
Wallops Station a ae zs pace | 5, 842 33, 600 40, 000 
WASA Huntevilie. ..<........-...- peal Sanaa sEssene senda 229, 000 
en a ctthielccatainiae tetas 4, 361 10, 000 12, 000 
i hecicaeel cahniaisnduiiiareadaal 1,776 10, 000 12, 000 
PMRO oltice inte ance dd teeta dhmpblins cade sible ance = el tea eae a 4, 000 

i a idnncishionediedsheadpwh etemmanctinn -------| BD Jen snnnwenge ace nepcacets 
EE Ee ee rene ere ne oe 451, 869 | 883, 600 1, 314, 000 

Analysis by types of service: 

Local telephone and exchange service_.__.......-- es | 125, 225 195. 770 249. 000 
GNU WEEE CRDNNININS Shain Sows p eeiica sine cbebesds 149, 181 | 430, 130 627, 000 
Telegraph service. Sahn cidisetoenitn cc wwradle cea 37, 072 | 137, 625 257, 900 
Postage . eeere 78 | 75 | 100 
I ak ih aia i ea 80, 000 | 120, 000 | 180, 000 

Leased lines a spikcedallens sain te dcentiiniin cae areata = 60, 313 | (') | (‘) 
Total, all types of communication services___._- pia 451, 869 883, 600 1, 314, 000 





1 Funded under “Research and development.”’ 


Mr. Tuomas. Your local telephone and exchange service goes from 
$195,770 to $249,000. Your long-distance toll charges go from $480,- 
130 in 1960 to an estimated $627,000 in 1961. 

Mr. Umer. Yes, sir. 

Mr. Tuomas. Your telegraph service goes from $137,625 to $257,- 
900. 
How did you arrive at this figure of $257,900 ? 


Mr. Umer. This, again, is a summary of estimates made at each 
of the centers, Mr. Thomas. The breakdown at the top of the page 
indicates the change between—— 

Mr. Tuomas. The only new item you have is $229,000 in here for 
Huntsville. 

What did they spend at Huntsville under the Army last year? 

Mr. Utmer. I do not have that specific figure but, generally, the 
Huntsville figures are derived from the Army experience of the pre- 
ceding year. 


Mr. Tuomas. You mean the $229,000 is the exact amount that the 
Army spent last year ? 
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Mr. Utmer. No. I do not say it is the exact amount. However, 
these figures are derived from their experience. I believe it would be 
quite close. 

Mr. Tuomas. Off the record. 

(Discussion off the record.) 


RENTS AND UTILITY SERVICES 
Mr. Tuomas. The next item covers your “Rents and utility services” 
and at this point in the record we shall insert pages 18 and 19 of the 
justifications. 


(The pages referred to follow :) 


O5 Rents and utility services 


Fiseal year Fiscal year Fiseal year 
1959 1960 1961 
obligated estimated estimated 
Analysis by location 
NASA Headquarters. --.-.....-- ‘ $16, 559 $103, 000 $30. 000 
Langley Center __-- sihintiaiccade se : 2, 709, 143 2, 971, 000 | 4, 407, 000 
Ames Center... - pict Gabinete * 2, 651, 526 2, 828, 000 3, 565, 000 
Lewis Center __. Oe oa 2, 608, 431 3, 044, 800 3, 693, 000 
Flight Center__._- wee: 81, 565 93, 000 179, 000 
Geddard Center -........--- bing 3, 774 338, 000 5, 463, 000 
Wallops Station ; 50, 101 125, 000 409, 000 
NASA Huntsville . ; 6, 050, 000 
Western office-_-- — - 10, 047 46, O00 46, 000 
Total, all locations Bee : 8, 131, 146 9, 548, 800 23, 842. Om 
Analysis by types of rents and services: Eleetric power 
Langley Center ___. a 1, 880, 782 2, 032, 000 2, 502. 000 
Ames Center — oe on 2, 238, 271 2, 268, 000 2, 612, 000 
Lewis Center ; - ; 2, 014, 946 2, 073, 800 2, 405, 000 
Flight Center. cereal : 7, 152 8, 000 14, 00 
Goddard Center... 7 sla dies ; 8, 000 75, OO 
Wallops Station ’ at ' 50, O75 105, 000 145, 000 
NASA Huntsville 
Total, electric power 6, 191, 22¢ 6, 494, 800 7, 843, 00 
Water 
Ames Center 36, 224 45. (OK 40. 000 
Lewis Center 42, 276 51, 060 60, 000 
Flight Center ‘ 204 250 29 
Goddard Center 2, 000 25, 00 
Total, water i 78, 704 98, 250 145, 25 
Gas: 
Ames Center . - 36. 698 44. 000 #4, 000 
Lewis Center wae 7 274, 284 317, 000 375, 000 
Flight Center ; 7,750 8, 750 14, 75 
Total, gas 318, 732 369, 750 453, 75 
Miscellaneous utility services: Ames Center, total, u | 
neous utility services_- 931 1, 000 1, OO 
Data-reduction equipment rental 
NASA Headquarters 12, O71 
Langley Center os 825, 188 936, 000 1, 812, 00f 
Ames Center S38, 753 169, 000 R26, O00 
Lewis Center 275, QR7 690. 000 RAO, ODM 
Flight Center i fH, 210 75, 500 149, 500 
Goddard Center 3,774 328, 000 5 363, 000 
Wallops Statior 19, 900 263, 900 
NASA Huntsville 6, O5C, OO 
Total, data-reduction equipment rental 1, 521, 983 2, 428, 400 15, 314, 400 
1 Electric power and other utilities for NASA Huntsville w be provided by contract with the Depart 


ment of the Army: funding included under object 07, support of NASA plant, in the ‘Research and devel 
opment” appropriation. 
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Mr. Tuomas. Your big item here is your power bill, is it not? 

Mr. Utmer. It used to be, Mr. Thomas. ‘The rental of data reduc- 
tion equipment is the big item now. The power item used to be the 
large item. 

Mr. Tuomas. At your Langley Center the figure for 1960 is 
$2,971,000, and the estimate for 1961 is $4,407,000. What is that for? 
That is power, is it not ? 

Mr. Utmer. The power goes from $2,032,000 to $2,592,000 and the 
data reduction equipment rental goes from $936,000 to $1,812,000 at 
Langley. ‘That information appears on page 19, sir. Page 18 gives 
the electric power breakdown by each activity and page 19 gives the 
equipment rental breakdown. 

Mr. Tuomas. Langley goes from $2,032,000 to $2,592,000. This is 
for your tunnels ¢ 

Mr. Anporr. Yes, sir; largely. 

Mr. Tuomas. Ames goes from $2,268,000 to $2,612,000? 

Mr. Umer. Yes, sir. 

Mr. Tuomas. Lewis goes from $2,073,800 to $2,405,000? 

Mr. Assorr. Yes, sir. 

Mr. Tomas. Why all this increase in power? Have you not been 
running them? 

Mr. Asporr. Well, in some of these cases we have not. We have in 
some cases had to use less power; we have also had some tunnel 
breakdowns. 

Mr. THomas. You mean you could not buy it and it was not avail- 
able to you? You never have been short any money to buy anything 
with. 

Mr. Ansorr. This varies from center to center. The new things 
we are getting into are forcing us to run our equipment nearer to the 
end of their capabilities. 

Mr. Tuomas. You are still testing airplanes ? 

Mr. Ansorr. Largely not, sir, as the chart which was shown before 
indicated, but as we get out into the very high-speed regimes, we 
usually have to operate our tunnels at a higher power level. 

Mr. Tuomas. Is the current rate going up any? I imagine if you 
looked into it you are paying a 5-percent increase in current rate, and 
that would account for your increased cost rather than the increased 
activity. 

Mr. Utmer. Mr. Thomas, may I call your attention to the chart 
which appears on page 21? 

Mr. Tuomas. I looked at it but I could not understand it. 

Mr. Umer. There were two facilities which were shut down during 
part of 1960 which will be in full operation during 1961. 

Mr. Tuomas. What about your increase in power rate cost? It went 
up in the District of Columbia. You have this installation down here 
served by the same company which the District of Columbia is served 
by and it went up 5 or7 percent. 

Mr. Utmer. Actually, the unit cost is down in 1961, Mr. Thomas, 
compared to 1960. 

Mr. Tuomas. What was it this year? Was there not an increase 
at Langley / 

Mr. Utmer. This year the average energy cost is higher than it was 
last year—7.12 to 7.08 average cost per megawatt-hour, 
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Mr. Tuomas. Is that an increase or decrease ¢ 

Mr. Umer. It is an increase in 1960 over 1959. 

Mr. Tomas. What was that increase? Was it about 5 percent? 

Dr. Drypen. About one-half of 1 percent. 

Mr. THomas. And what was the unit cost ¢ 

Dr. Drypen. 7.08 to 7.12 down to 7.02 next year. 

Mr. Tuomas. I think the General Services Administration generally 
paid in this area about 5 percent. Of course, you buy tremendous 
quantities. 

Mr. Utmer. Our overall rate, energy plus demand costs, fluctuates 
with the type and the level of demand we require. 

Mr. Tuomas. And, of course, you buy all peak power do you not? 

Mr. Unmer. Both on-peak and off- peak. 

Mr. Tuomas. And, so, your negotiators did not do such a good job 
after all, did they ? 

Mr. Horner. The overall cost has gone down every year. 

Mr. Tuomas. You mean the unit overall cost ¢ 

Mr. Horner. The unit overall cost. The energy cost has gone up, 
but the unit demand cost has gone down enough to take care of it. In 
the book here at page 23, for example, is Langley. 

Mr. Tuomas. When the print gets that fine, I refuse to read it. My 
eyes do not work that well. 

Dr. Dryden ihe average overall cost per megawatt hour pur- 
chased was 11.25 in 19% 9, 10.92 in 1960, and 10.85 in 1961. At Ames 
it was 9.09, 8.98, ‘and 8.32. 

Mr. Tuomas. You have a Bonneville rate there: do you not? 

Dr. Drypen. The cheapest rate is at Lewis. We did go up from 
8.00 to 8.36 in 1960 and down to 8.19 in 1961. 

Mr. THomas. I suppose your cheapest rate will be down at Hunts- 
ville? 

Dr. Drypen. I do not know. The amount of power is much smaller 
there. 

Mr. Tuomas. That is the TVA area. You are in the TVA area 
So, you ought to have a cheaper rate there than at any of the others. 

Mr. Ruopes. Do you not buy power at Ames from the Central V alley 
project ! 

Dr. Drypen. There is a mixture of power both from Bonneville 
up to a certain point, and beyond that from the Pacific Gas & Electric 
Co. 

Mr. Ruopes. P.G. & E. and Central Valley / 

Mr. Utmer. The chart on page 26 breaks out the amount that we 
take both from the Bureau of Reclamation and from Pacific Gas & 
Electric. 

Mr. Tomas. Let us see what the other item costs are in there. 
What page isthaton? Is it on page 29 or page 304 

Dr. Drypen. At the Ames Laborator vy, sir—— 

Mr. Tuomas. No; you had a table setting out the others. 

Mr. Horner. That is page 19; is it not ! 

Mr. Tuomas. I believe it is page 32. You have your gas here and 
your miscellaneous services. Your next largest item is your rental 
equipment. This is beginning to run into money. 

Your big item is at Huntsville this year ¢ 

Mr. Umer. Yes, sir. 
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Mr. Tuomas. And, next, it is Goddard ? 

Mr. Umer. Yes, sir. 

Mr. Tuomas. I thought your big data reduction center was going 
tobeat Goddard. Why isk untsville larger than Goddard 4 

General OstranvER. Huntsville has, as a matter of fact, the largest 
single computing facility, I believe, in the SOmUITE ane: 

Mr. Horner. The Huntsville computed capability is used prima- 
rily for design to support the industrial manufacturing process there, 
whereas the Goddard data facility is for data reduction and data 
handling generally. 


OTHER CONTRACTUAL SERVICES 


Mr. THomas. What about your other contractual services here? 

Mr. Uumer. Mr. Chairman, these cover the types of other con- 
tractual services that can be estimated on an annual basis. 

Mr. Tuomas. Your research contracts are not carried here. 

Mr. Umer. They are carried under the R. & D. appropriation. 

Mr. Tuomas. Where is your new health program ¢ 

Mr. Utmer. That is on page 33, Mr. Chairman, in the amount of 
$900,300. 

Mr. THomas. You have one new item and that is in the amount of 
$900,300 # 

Mr. Umer. Yes, sir. 

Mr. Tuomas. Your life insurance is in the amount of $392,000 and 
isan old program; is it not ‘ 

Mr. Utmer. Yes, sir. 

Mr. THomas. Why have your security investigations jumped this 
much, from $500,000 to $1,248,000, or 214 times ¢ 

You are only going to employ 800 new people. Why does it jump 
21% times / 

Mr. Utmer. We also have the Huntsville operation. 

Mr. Tuomas. Why does it jump up 21% times ¢ 

Mr. U_mer. We will have the responsibility for the security in- 
vestigations for the Huntsville staff for the first time, Mr. Thomas; 
the estimate also provides for an expanded industrial security pro- 
gram. 

Mr. Tromas. They are on the payroll already. So you do not 
have to investigate them again ? 

Mr, Utmer. There are approximately 3,000 employees at. this in- 
stallation who have previously received security clearances which 
do not meet NASA clearance standards as established under the 
Space Act. These employees will be subjected to security investiga- 
tions by the NASA. It is proposed to complete this program by 
1963. And we do have the normal turnover problem throughout the 
Agency, plus the 800 additional people we propose to hire in 1961. 

Mr. Tuomas. Certainly that should not cost $1 million to investi- 
gate. 

Mr. Jonas. Is this done by the FBI or by the Civil Service? 
_ Dr. Grennan. Both by the FBI and Civil Service, but mostly 
Civil Service. 

Mr. Jonas. They cost around $78 each; is that right ? 

Mr. Utmer. It is around $400 apiece. 
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Mr. Jonas. It is $400 a person ? 

Mr. Utmer. Mr. Thomas, may we supply some additional informa- 
tion on the security investigations, giving you the detailed backup? 
I am sorry I do not have it with me, other than in those general terms, 

Mr. Tuomas. As well as I remember, your average investigation 
in the civil service jumped this year from $70 to $80. 

Mr. Utmer. It is around $400. 

Mr. Toumas. If you go to the FBI you get up in the $400 class, 

Mr. Utmer. These are civil service costs, Mr. Chairman. I think 
they run $300 and $400. 

Mr. Tuomas. Did they go up that high? I remember there was an 
increase of about $12 or $15 a case. 

Mr. Umer. This is for full field clearances. This is not the agency 
check which is a relatively simple thing. Gs 

Mr. Tuomas. Yes; but your people do not have that. 

Mr. Ut_mer. Most of our people are full field investigated. 

Mr. Tuomas. It runs up around $300 to $400 for a full field in- 
vestigation ? 

Mr. Utmer. That is what we are paying, sir, because our people 
have to have full field clearances. 

Mr. Tuomas. It jumped from $370 to $380 for the full field investi- 
gations. 

SUPPLIES, MATERIALS, AND EQUIPMENT 


Mr. Jonas. All of your supplies, materials, and equipment you 
fund under “Research and development” ? 

Mr. Utmer. Yes, sir; except that a capital equipment item whose 
estimated cost exceeds $250,000 is funded under the C. & E. appropri- 


ation. 
GRANTS, SUBSIDIES, AND CONTRIBUTIONS 


Mr. Jonas. I notice that your “Grants, subsidies, and contributions” 
go up from $4,566,300 to $7,618,500. 

Mr. Umer. Mr. Jonas, as you will note at the bottom of that page, 
it is all based on a 614 percent calculation of certain personnel costs, 
So, it is a figure keyed directly with the “01 Personal services” item. 

Mr. Jonas. The principal increase is at Huntsville ? 

Mr. Utmer. That is right, sir. 

Mr. Jonas. At this point in the record we shall insert page 36 of the 
justifications. 
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(The page referred to follows :) 


11. Grants; subsidies, and contributions 




















Fiscal year Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 

oo <a — 
lysis by location: 

Anelyas A He: SS 525.5, Bia ctl dint annie aie cnbihods $152, 505 $321, 400 $380, 000 
Langley Center........-.-- sue pbintinsbine tieigkt sda 1, 420, 251 1, 416, 150 1, 441, 000 
Ames Center- ---- ini kane a wane biabaskean 644, 968 665. 850 677, 000 
Lewis Center - Siete pce nctenbhitestees eeemeuas 1, 236, 204 1, 271, 200 1, 280, 000 
Flight Center__- ida dicts so pndeigesee arenas de . 129, O84 163, 200 188, 000 
ee ee ss ae 91, 719 | 607, 520 911, 000 
IN ie rccatindeincwsusunesneseseiumenes 40, 068 81, 000 114, 000 
NASA Huntsville- --_-- Suctcscuser lanesada ‘ 14, 000 2, 585, 000 
Western Office... 3 3, 122 15, 480 25, 300 
AMRO Office can é aa 954 | 10, 500 14, 500 
UNNI oho etn de eth ee cae tsar pitiskeaood 2, 700 
Wright Office. : i . wecenen omieninidaniae 933 |-- # eee ae 

te ON i iit tat cdinithe thee ptidinenbmaiaed | 3, 719, 808 | 4, 566, 300 | 7, 618, 500 

Calculation of Government contributions to retirement fund: | 
a aI I i've wicisgnde in des hence cbusian adr bnduis fo toss a eas elpelieh dean mie anneal ese ab al |} 125, 425, 000 
Personal services not subject to retirement deductions 

Intermittent employment_..__- zi belies vinings Yas cs cms pity tala DIE tn oa chines 
Overtime and holiday pay ee 5, 887, 000 | a 





Nightwork differential applicable to classified em- | | 
ployees.- - - fei ca hchinite ‘ inna Knebde—nemamblen sare mien J ) ——— > oe 
Other allowances ‘ 67, 000 ~* oe 
Reimbursements for details from other Government 
agencies... . 
Terminal leave payments 
Salaries subject to deductions for social s¢ curity - 


450, 000 
TH ee iis 7.23135. 
. 19 6, 000 —8, , 217, 000 


Total, personal services subject to retirement de- | | 
ductions. - ; . its, 208, 000 


Total, Government contributions computed at 6% | | 
percent -._-- . ‘ : Fite sleente 7, 618. 500 





PERSONNEL TURNOVER RATIO 


Mr. Jonas. What is your general turnover in your personnel? 
What will it average throughout the Agency ? 


Dr. GLENNAN. Seven percent, I think it is. 
Mr. Utmer. About 7 for scientific personnel; 11.5 average for all 
personnel. 


Mr. Jonas. At all of your agencies and all of your laboratories the 
average scientific turnover is about 7 percent 2 

Mr. Umer. Yes, sir; that is an overall NASA average. 

Mr. Jonas. In what category would that be? Would i 
the board ¢ 

Mr. Utmer. That isthe overall average. 

Mr. Jonas. What about your scientists? Are you having any 
heavier turnover in that category than in your clerical personnel 4 

Mr. Utmer. About 7 percent for the scientific people; the clerical 
turnover is much heavier. 

Mr. Jonas. Do you have any recruitment problem or any trouble 
replacing your scientific personnel ? 
De. Guennan. I will ask Dr. Silverstein to answer that question, 
sir. 

Dr. Strverstetn. The situation this year has been quite good. 
have in the past had difficulty. 


it be across 


We 
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GLENNAN. We offered jobs to 55 Ph. D.’s last year and we 
got 3. At the Ph. D. level we seem to be unable to attract people, 
We are about $3,000 under the market at the Ph. D. level. 

Mr. Jonas. W hen you refer to the Ph. D. level, you include 
scientists ? 

Dr. GLENNAN. Yes, sir, these are scientists and engineers princi- 
pally. 

Mr. Jonas. I should think you would have an intangible asset which 
other agencies do not have, and that is the glamorous aspect ? 

Dr. GLENNAN. Yes, sir. 

Dr. Strverstern. That has helped us this year. 

Mr. Tuomas. That brings them in. 

Dr. Sunverstern. The salaries in industry this year on the average 
have gone up over last year. We are not competitive at the lowest 
level of employment. 

Dr. GLENNAN. We are $1,000 under the market for the bachelor 
degree man this year. 


REFUNDS, AWARDS, AND INDEMNITIES 


Mr. Jonas. With reference to the analysis by types of awards and 
claims, I notice that your tort claims are pretty high: $129,000 in 1960 
and your estimate is $140,000 for 1961. 

With reference to the incentive awards, are they handled at the 
installations or out of Washington ¢ 

Mr. Utmer. These are handled at the installations, Mr. Jonas. 

Quite frankly, I think the tort claims are relatively low for this 
size of an operation. They are made up of dozens of small claims. 

Mr. Jonas. Personal injuries? 

Mr. Utmer. Yes, but mostly for automobile and property damage 
and that type of thing. 


ESTIMATES OF APPROPRIATION 


Mr. Tuomas. We shall insert at this point in the record the coverall 
sheet which is page 39 of the justifications. 
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(The page referred to follows :) 


Estimates of appropriations, salaries and expenses, fiscal year 1961 


Fiscal year 


Fiscal year 


Fiseal year 





Travel 


SB 











| 
| 1959 | 1960 } 1961 
obligated estimated estimated 
juni ee ei = seit |- isi 
01 Personal services: | 
Number of permanent positions (end of year)_.--..--_} 9, 236 | 10, 086 | 16, 373 
Annual cost of permanent positions (end of year) ----- a "$65, 142, 007 ~ $73, 2 254, 506 | ~ $120, 246, 731 
DOE, MIE ciccec nqncccnksestbasecocpededianancbennl 6, 204, 304 3, 328, 066 2, 389, 731 
Net cost of permanent positions.................-.- 1 58, 847, 703 | 69,926,440) 117,857,000 
Intermittent employment_._............--.--- Seibe wal 14,016 67, 900 250, 000 
Regular pay above 52-week base. -.-..........------..-- 1 246, 121 558, 710 463, 000 
Overtime and nis RN ie oc cn ask 1 776, 388 | 1, 530, 300 9, 538, 000 
COE I. 5 o cdenoncwscmenis paca ahemnaies steele ‘i 215, 574 33, 000 67, 000 
es GCN ks. . ced cease tes ine cdbdnsbcoe 27, 311 164, 450 450, 000 
Total manbenl aetviers. 23. SR se 1 59, 917 2 113 72, 280,800} 128, 625, 000 
a a | 11,285, 911 2, 866, 400 5, 849, 000 
Transportation of things: 
IN i od ne aha bebinane 1 103, 991 191, 000 442, 000 


All other_....... call 
04 Communication services: 


a eee 


All other_....-- a 

05 Rents and utility services: 
Electric power 
Other utilities 
Rentals 

06 Printing and re produc tion. 

@7 Other contractual services 
Research contracts... ----- 
Repairs and alterations 
Miscellaneous services c 
Services by other Government agencies 
Security investigations 
Federal life insurance 
Federal health program -- 

08 ¥Supplies and materials__- 

08 Equipment SS ; ss 

11 Grants, subsidies, and contributions -- 

13 § Refunds, awards, and indminities 

15, Taxes and assessments... 


Total 
Partially or fully funded under 
Unobligated balance 


Total allotment. 


‘Research and Development”’ 


Partially funded under “‘ Research and development.” 


2 Fully funded under “ 


Mr. Tuomas. That winds up the “Salaries and ex 


believe. 


Dr. GLENNAN. Yes, sir. 


Research and development.”’ 


279, 887 


60, 313 
391, 556 
6, 191, 226 
398, 367 
, 541, 553 
160, 466 


816, 510 

11, 221, 71 
! 947, 020 

1 20, 421, 095 
178, 595 

185, 440 


6, 927, 053 
3, 632, 845 

1 3, 785, 722 
3, 202 

1 10, 868 


108, 460, 443 


22, 472, 147 
298, 004 


86, 286, 300 | 


2 1, 485, 000 


2 156, 500 
833, 600 


), 494, 800 | 

469, 000 
2, 585, 000 
203, 000 


, 012, 100 





Neb 


556, 000 


500, 000 | 
214, 000 | 


x 


», 316, 000 
4, 566, 300 
134, 000 
12, 100 


4, 084, 000 
22, 684, 000 


1, 400, 000 


22, 400 | 


636, 000 | 


penses” 


2 3, 993, 000 


2 336, 000 
1, 314, 000 


7, 843, 000 
600, 000 
15, 399, 000 
363, 000 





2 5, 060, 000 
27, 403, 000 
2 5,079, 000 
1, 248, 000 

392, 200 
| 900, 300 
| 217,607,000 
| 211,867,000 
| 7, 618, 500 
147, 000 
| 19, 000 
| 222, 105, 000 

— 51, 345, 000 


| 
} 


| 170,760,000 


item, I 


Mr. THomas. The succeeding pages are breakdowns by installations? 


Dr. GLENNAN. Yes, sir. 
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Object classification 


i 
1959 actual | 1960 estimate 1961 estimate 





——$——————— _ _ — - — — eS 5 | 


| 
09 Equipment.__-_. itis ayy nddipnigpinhesdpindbisies $5, 000, 000 $25, 000, 000 $25, 000, 000 
10 Lands and a. cee skin 35, 645, 800 79, 440, 445 166, 287, 000 


Total, National Aeronautics and Space Administration - 40, 645, 800 104, 440, 445 131, 287, 000 


ALLOCATION ACCOUNTS 


OM ge | ee eS Hee fen Rtn en 
in COs PATO 5), inicio mmis wadennihhtrmmiinndinnmbeonntawamien ataks Ok a ee 
Total, allocation accounts._................. adhd dis tad b2 592, 620 Goat. 
OE atest reli inahetaaiadiaiineaeal 40, 645, 800 ~ 105, 033, 065 ~ 431, 287, 000 





Mr. Tuomas. Now, gentlemen, let us take a look at the “Construc- 
tion and equipment” item in the amount of $122,787,000. 

I have here a notation to see page 308 of the justifications. Where 
is page 307% I cannot find it in my book. 

Mr. Uxmer. You may have mine, Mr. Chairman. 

Mr. Tuomas. What did you have for this item last year? Was that 
figure $88,825,000 ? 

Mr. Utmer. That is correct, sir. That includes an adjustment of 
$15 million of money transferred from the “Research and develop- 
ment” appropriation with the authority that you gave us last year 
in the appropriation bill. 

Mr. Tuomas. You cover it very well on pages 302 and 303 of the 
justifications. You break it down there. 


JUSTIFICATION OF THE ESTIMATES 


We shall insert at this point in the record pages 302, 303, and 304 
of the justifications. 
(The pages referred to follow :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION CONSTRUCTION AND 
EQUIPMENT 


PROGRAM AND PERFORMANCE 


This appropriation provides for the modernization of existing facilities, the 
construction of new facilities including design by contract, and the purchase of 
major items of equipment. The costs shown in 1961 include those related to 
projects authorized in prior years. The principal project proposed for con- 
struction in 1961 are as follows: 

1. Aeronautical and space research facilities—(a) Langley Research Center: 
Proposed projects include an aerothermal dynamics facility to simulate the 
environment of vehicles in the hypersonic speed ranges and a laboratory to 
study the dynamics of objects in various density, temperature, acceleration, and 
vibration environments. 

(b) Ames Research Center: Additional equipment for a centrifuge to test the 
effects of high acceleration in space vehicle equipment will be procured in 1961. 

(c) Lewis Research Center: It is proposed to construct a basic materials re- 
search laboratory and a laboratory for research on energy conversion and power 
generation processes and equipment. 

(d) Flight Research Center: Projects funded under the 1960 appropriation 
will be completed in 1961. No new projects are proposed. 

2. Space flight development and operations facilities—(a) Goddard Space 
Flight Center: The proposed contruction in 1961 consists of a payload test fa- 
cility, a satellite systems laboratory, and utility installations. 
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(b) Wallops Station: Improvements to be added in 1961 include a system to 
determine the precise trajectory of launched vehicles, an operations computing 
center, and the modernization of certain existing support equipment. 

(c) Jet Propulsion Laboratory: The 1961 program includes the acquisition of 
approximately 3 acres of land, the modernization of laboratory facilities, a solid 
propellent facility, a liquid propellent test cell, an antenna range, and the 
acquisition of approximately 3 acres of land. 

(@) NASA Huntsville facility: It is proposed to construct in 1961 a SATURN 
static test facility, a central laboratory and office facility, a dynamic test facil- 
ity, an addition to a fabrication laboratory, an extension to an assembly build- 
ing, a pressure test cell, and additions to the engineering and guidance and con- 
trol buildings, all to enable the Huntsville facility to carry forward the SATURN 
project and its work on other space flight development projects. 

(e) Atlantic Missile Range: Completion of the SATURN launching complex 
and an addition to the engineering and laboratory building are proposed in 
1961. In addition, a supplemental appropriation is anticipated for 1960 and is 
shown under “Proposed for later transmission.” 

(f) Pacific Missile Range: Launching facilities funded under the 1960 appro- 
priation will be completed in 1961. No new projects are proposed in 1961, 

(g) Various locations: 

Tracking facilities: The 1961 program includes additional electronic and opti- 
cal equipment; control and data processing equipment; and accessory equip- 
ment, shelters, and utilities. These items are required to improve the capabili- 
ties of the minitrack satellite tracking network and the net for tracking deep- 
space probes and to complete the special tracking stations for the MERCURY- 
manned space flights. In addition, a supplemental appropriation is anticipated 
for 1960 for the MERCURY net and is shown under “Proposed for later trans- 
mission.” 

Propulsion development facilities: Projects initiated in 1959 and 1960 will be 
completed in 1961. No new projects are proposed in 1961. 

3. Relation of costs to obligations.—The relationship is derived from year- 
end balances of selected resources as reflected in the following table: 


1958 actual 1959 actual | 1960 estimate | 1961 estimate 
Selected resources at end of year (inventories 
and items on order): 
Unpaid undelivered orders (appropriation 
balances obligated for goods and services 
on order not yet received $22, 143, 679 $33, 475, O86 $76, 911, 000 $127, 698, 000 
Advances (payments for goods and services 
on order not yet received) -_- 615, 223 23, 116 100, O00 100, 000 
Total selected resources at end of year 22, 778, 902 33, 498, 202 77, 011, 000 127, 798, 000 
Selected resources at start of year (- 22, 778, 902 33, 498, 202 77, 011, 000 
Obligations incurred for costs of other 
years, net_- ; 10, 719, 300 43, 512, 798 50, 787, 000 


Mr. Tuomas. Your justifications state as follows: 


This appropriation provides for the modernization of existing facilities, the 
construction of new facilities including design by contract, and the purchase 
of major items of equipment. The costs shown in 1961 include those related 
to projects authorized in prior years. The principal projects proposed for 
construction in 1961 are as follows: Langley Research Center, where the pro- 
posed projects include an aerothermal dynamics facility to simulate the environ- 
ment of vehicles in the hypersonic speed ranges— 
and so forth. 

The Ames Research Center, where you are requesting additional 
equipment for a centrifuge to test the effects of high acceleration in 
space vehicle equipment, and that is the small one at $980,000. 

At Lewis Research Center you propose to construct a basic materials 
research laboratory and a laboratory for research on energy con- 
version and power generation processes and equipment. 
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At the Flight Research Center—that is one of your big ones down 
in Florida 

Mr. Umer. No, that is at Edwards. 

Mr. Toomas. This is Muroc? 

Mr. Umer. Yes, sir. 

Mr. Tuomas. Then, you have your space flight development and 
operation facilities which include the Goddard Space Flight Center 
where the proposed construction in 1961 consists of a payload test 
facility, a satellite system laboratory, and utility installations. 

You have two laboratories there and are buying a piece of land 
and your utilities, which runs into money. 

At the Wallops station the improvements to be added in 1961 
include a system to determine the precise trajectory of launched 
vehicles, an operations computing center, and the modernization of 
certain existing support equipment. 

So, you will have a computing center where? At Wallops and 
Goddard and where else ? 

Dr. GLENNAN. Every place. 

Mr. Tuomas. At each one of them ? 

Dr. Drypen. This is a small computer costing $350,000 in con- 
nection with the operations of the Wallops Station. 

Dr. Sitversre1n. In the firings and other tests necessary to take 
readings of the upper winds before firing, for range safety these data 
have to be calculated immediately before the firing and they establish 
the angle at which you fire. 





UNOBLIGATED BALANCE 


Mr. ‘THomas. What is your unobligated balance for 1960 now for 
the construction and equipment program? What is it as of January 
land what will it be on the 30th of June of this year ? 

Mr. Utmer. I can give you the January 31 figure, Mr. Thomas. 
The total approved cost for the 1960 program is $88,825,000 and the 
amount that 1s under contract is $40,042,000. 

Mr. Tomas. Will that figure hold to the end of the year? What 
will it be by June 30? 

Mr. Utmer. I cannot give you an estimate on that except I am sure 
that a substantial portion of this unobligated balance will be under 
contract. 

Mr. Tuomas. Can you make a horseback opinion and straighten it 
out later in the record ¢ 

Will you have a $20 million unobligated balance or $30 million or 
what ? 

Mr. Utmer. I would guess about $18 million or $20 million. 

Mr. Tuomas. What is your unobligated balance now in your re- 
search and development account as of January 1 and what will it be 
by June 30? 

Mr. Utmer. The research and development account is $320 million 
for 1960. On January 31 we had an unobligated balance of $105 mil- 
lion. I believe a fair estimate would be that on June 30 we would have 
$20 million of that unobligated. 

Mr. Tuomas. $20 million unobligated ? 

Mr. Utmer. Yes, sir. 

Dr. GuenNAN. I should think it would be less than that. 
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Dr. Dryven. I think it will be considerably less. 

Dr. GLennan. You are only through 7 months of the year and you 
have obligated more than two-thirds of it already. 

Mr. Tuomas. Did you include your supplemental in your figures 
though? You had around $22 million in that. 

Mr. Utmer. $23 million. 

The supplemental is not in those figures, Mr. Thomas, but that 
sum will very likely be obligated within 30 days after it becomes 
available. 

ESTIMATES FOR CONSTRUCTION AND EQUIPMENT 


Mr. Tuomas. I note this is a good table on page 306 and, of course, 
you can look forward to pages 3 307 and 308. 

Take, now, for your Langley Center you had $4,535,000 last year 
and this year it goes up to almost $12 million. 

At Ames you had $6,305,000, and that is a small one this year. That 
is the centrifuge you are requesting for $980,000 ? 

Dr. Guennan. Yes, sir. 

Mr. Tuomas. At Lewis you had $6,660,000 for 1960 and that goes up 
to $9,100,000 ? 

Dr. GLENNAN. Yes, sir. 

Mr. Tuomas. And you had at your Edwards Air Base $1,850,000 
last year. 

Your Goddard Space Flight Center was $14,070,000 last year and 
you are requesting $9,500,000 this year. 

At Wallops Station you are requesting $4 million in 1961 as against 
none last year. 

At your Jet Propulsion Laboratory you had $7,755,000 in 1960 and 
you are requesting $5 million for 1961. 

At your Huntsville facility vou are requesting $26,750,000. 

At your Atlantic Missile Range you are requesting $27,750,000. 

For your Minitrack net there was $4,205,000 last year and you are 

requesting $4,750,000 for 1961. 

For your deep space net you had $3,500,000 in fiscal year 1960 and 
you are requesting $8 million for fiscal year 1961. 


TRACKING STATIONS 


How much do you have tied up in your tracking stations and 
equipment ? 

You have about $32 million under “Research and development” 
and how much under “Construction” ? 

Mr. Ustmer. We have $27,750,000 being requested for 1961, Mr. 
Thomas. 

Mr. Tromas. Plus your $32 million for operations under research 
and development? Of course, under your research and development 
you have salaries and everything else mixed up in it. 

Mr. Unmer. Only for the salaries of the contractor’s people, but 
not our own people. That $32 million figure is mainly for station 
operation contracts and for data transmission contracts. 

Mr. Tuomas. I looked it over and figured that you had around 
$77 million tied up. 

Dr. GrENNAN. That is in “Construction.” 

Mr. Tromas. It is about $77 million. 
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Mr. Horner. Through fiscal year 1961. 

Mr. Tuomas. And that is not all of it. You inherited about 18 
stations from the IGY, and you have not added that in. So you have 
in the neighborhood of $90 million tied up in tracking stations. What 
part of that $90 million is going to be a recurring cost? Is all of 
your $32 million going to be a recurring cost under research and de- 
velopment ¢ 

Dr. Dryven. It will be the annual operations cost of the stations; 
yes, su’. 

Mr. Tuomas. It is a recurring cost, then ? 

Dr. GLENNAN. The annual cost for maintenance and operation of 
those stations will be somewhere between $30 or $35 million a year. 

Mr. Tuomas. Who are the operators of your stations ? 

Dr. GLENNAN. In some instances they are companies like Bendix 
and in some instances they are universities in the country in which the 
station is located ; the Smithsonian Institute operates some, also. 

Mr. Tuomas. Can you give us a list of your stations and your oper- 
ators now under rese: irch and development and the fee which you are 
paying to operate each one of them on an annual basis ? 

What is your yardstick? How much money do you let them make? 

Dr. GLENNAN. If it is the same fee I am thinking about, I do not 
think we have a contract of over 614 percent. 

Mr. Tuomas. Based upon what ¢ 

Dr. GLENNAN. On the negotiated contract price. 

Mr. Horner. The negotiated cost based on local man-hours for 
hiring local personnel, depending upon who we negotiated with. In 
many cases we negotiated with nonprofit institutions, and in other 
cases we negotiated with American industry. It is different at almost 
every station. 

Dr. Drypen. In Australia we currently have no operating cost be- 
cause they have agreed to operate the station in return for use of the 
facilities for scientific purposes when not tracking our satellites. In 
the future, there will be some reimbursement based on negotiations. 

Dr. GLenNAN. And, that is true in South Africa also. 

Mr. Tuomas. How many stations do you have in the continental 
United States ? 

Dr. Drypen. I do not have the details here. 

Mr. Tuomas. Is it 4,5, or 64 

Dr. Drypen. It is more than that. 

Mr. Tuomas. You have two on the Pacific coast and you have three 
in the Northwest and the Northeast. Could that number be seven ? 

Dr, Sinversrein. It is certainly less than seven. In the United 
States we are largely making use of existing stations. For example, 
in our MERCURY net we are using the Mugu organization, the Ca- 
naveral organization and the Eglin Air Force Base as well as the 
White Sands stations. 

Mr. Tuomas. You are paying for it? You are paying for the 
maintenance and operation and the salary cost of the operator and 
you are maintaining it generally ? 

What is the yardstic k which you use in figuring the compensa- 
tion to be paid to the operators of these stations in the United 
States / 


Dr. GLENNAN. Do you have that, Dr. Dryden ? 
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Dr. Drypven. We have this collected and we can get it to you, but 
I do not have it myself. 

Dr, GLENNAN. We shall put that in the record for you, Mr. Chair- 
man. 

Mr. Tuomas. Does anyone have a horseback opinion and then you 
may straighten it out later for the record 4 

Mr. Horner. We are not paying the Department of Defense for 
operating stations except for the incremental costs where their cost 
of operating has been increased because of our requirements. In 
general, this amounts to equipment costs where they have had to add 
special equipment. 

Mr. Tuomas. Who is operating your six or seven stations in the 
United States? Let us get that straight. 

Mr. Horner. The minitrack stations and the Smithsonian stations 
we are paying for, but that will have to be provided. 

(The information requested follows :) 


NASA TRACKING STATIONS IN THE UNITED STATES 


The NASA currently owns or makes use of four categories of tracking stations 
in the United States and overseas. ‘These categories are minitrack stations, the 
deep-space net, the optical stations, and the special-use Able—4 stations. 

Of the 10 minitrack stations currently in operation, 3 are in the United States: 
Blossom Point, Md.; Fort Meyers, Fla.; and San Diego, Calif. These three 
stations and four of the overseas stations are operated under contract with the 
Bendix Aviation Corp. The total cost of this contract during fiscal year 1960 is 
$2,018,000, including a 6.02 percent fee of $115,750. Since the contract is not 
written on a station-by-station basis, only an estimate of individual station oper- 
ating costs can be made: 


Tee ne seat ce pecan cavtanreael aimniongnpeancob chess eT ulhsnidenisis atic, Mn 
as sca ciemalaep elect aectdtprin ieee cpa acidithdnahdivdviece enttbenaicisiasonon eee 320, 660 
I aa ec cer lcatemclilch ep alitieislabibenica 263, 954 


Of the three deep-space stations, only Goldstone, Calif., is currently opera- 
tional. This station is being run by the Jet Propulsion Laboratory at a cost of 
$1 million in fiscal year 1960; NASA pays approximately $17,000 to the Jet Pro- 
pulsion Laboratory (California Institute of Technology) for overhead and man- 
agement of the Goldstone Station. 

Of the 12 operating optical stations, 3 are in the United States: Jupiter, Fla.; 
Organ Pass, N. Mex.; and Maui, Hawaii. These 12 stations are operated for 
NASA by the Smithsonian Astrophysical Observatory, part of the Smithsonian 
Institution. The total grant to the SAO for this purpose is $1,450,000 in fiscal 
year 1960, no fee being required. Again, only an estimate of individual station 
operating cost can be made: 


Racca Racerecctisenserevce acide perenne iy LSE EEO: 
fae an aac aldp ane ndgccclecris a antnbsel nie costed casas teret on Ginn csesbemoms ao av teierenien Oras astoen i _. 245, 630 
de hals aleicbsbaistcmimicin elev eaiibbouii sa. 26, oe 


The special-use Able—4 stations are at South Point, Hawaii, and Cape Canav- 
eral, Fla. These stations are used only in connection with payloads built for 
NASA by the U.S. Air Force. Intermittent operation of these stations is there- 
fore funded as part of the payload cost paid to Ballistic Missile Command of the 
U.S. Air Force and is not separable from that total. No fee is involved since 
this is an intragovernmental transfer. 


LANGLEY ReskearcH CENTER 
HYPERSONIC AEROTHERMAL DYNAMICS FACILITY 


Mr. Tuomas. Your big item down here at Langley is the hyper- 
sonic aerothermal dynamics facility in the amount of $11,957,000. 

We shall insert at this point in the record page 309 of the justifi- 
cations. 
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(The page referred to follows:) 


HYPERSONIC AEROTHERMAL DYNAMICS FACILITY 
1. DESCRIPTION 


This project proposes the construction of a facility for simulating vehicle 
environment in the hypersonic-speed ranges. As indicated in the drawing on the 
following page the facility will consist of two main systems, one using air and 
the other using helium. The air system will be located in the west wing of the 
gas dynamics laboratory, and the helium system will be located in an extension 
to the west wing. 

The system using helium as the test medium is required primarily for aero- 
elastic studies. This system will have two legs with test sections approximately 
4 feet in diameter, one providing test speeds up to mach 10 and the other to 
mach 20; each leg will be capable of heated operation up to 650° F. Running 
times will be of the order of 20 seconds. 

The other system will employ air and will be used primarily for the study of 
aerothermal problems. The air for this system will be stored at 15,000 pounds 
per square inch; this pressure will be obtained by a topping compressor that 
will draw on an existing 1,800-pounds-per-square-inch air supply. This system 
will also have two legs. One leg (the hyperthermal leg) will employ con- 
tinuous-arch heating from a 10,000-kilowatt direct current to generate tempera- 
tures in the 7,000° R. to 16,000° R. temperature range. Interchangeable throats 
and liners for the water-cooled conical nozzle will be used to produce simulated 
velocities, altitudes, and temperatures in the mach 12 to 20 flight regime. 
Running times up to 3 or 4 minutes are expected. The temperature and pres- 
sure potential of this leg will open the way to even higher velocities as the state 
of the art advances in arc generation at high pressures. The other leg of the 
air system (the superpressure leg) will consist of a superpressure zirconia 
pebble heater capable of supplying 4,500° R. air at pressures up to 15,000 pounds 
per square inch. Running times of about 20 seconds are expected for this leg. 


Mr. Tuomas. Your justifications state as follows: 


This project proposes the construction of a facility for simulating vehicle en- 
vironment in the hypersonic-speed ranges— 
and so forth. 

Then, you have this followed by a very nice drawing. 

Mr. Jonas. That is just a glorified wind tunnel; is it not? 

Dr. GLENNAN. That is right. 

Mr. THomas. Your justifications at page 311 state as follows: 

The lack of solution to urgent problems in the hypersonic-speed range is 
seriously retarding the conception and efficient design of new vehicles and the 
improvement of a wide variety of existing and planned vehicles which must 
reenter the earth’s atmosphere from orbital or space flight or be capable of 
sustained flight at hypersonic speeds. The study of these problems cannot be 
undertaken without advances in the capability of simulating the vehicles’ en- 
vironment beyond that obtainable with present-day research facilities. At 
present there are no large air tunnels capable of exceeding mach 12 for significant 
testing times, and these wind tunnels are not yet capable of simulating the 
temperatures, Velocities, and air densities of flight to this mach number. 

So, we have to have these or else we cannot carry out our job. 
However, I notice we have not lost any personnel down there all this 
time. 
Mr. Asgorr. That is right. We need this in order to carry on our 
job. 

Mr. Tuomas. What do you need with all the personnel you have 
down there until you get this constructed? The completion time, 
as wellas I pemnenaheny i is 36 months. 

Mr. Anpzorr. I do not think that the fact that we need this bears 
very much on what our existing personnel are doing. They are work- 
ing on extremely urgent projects. 
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COST ESTIMATE 
Mr. Tuomas. We shall insert at this point in the record pages 314 
and 315 of the justifications. 
(The pages referred to follow :) 


Cost estimate 


Helium heating system and pebble heater__-._----..------------~-~- $434, 000 
Helium heating system____~---~- tk ie as a $311, 000 
Penppie heater end ceramics._.._....................... 123, 000 


Electrical equipment and power system _-- a ser po 
Outdoor switchgear primary cable and subst: ition con- 
struction_ ahs bale pbc ds $75, 200 
10,000-kilowatt industrial ignitron 1 rec tifier r ___ 663,500 
I cre erpmeerde ce ssipeniastinan en entees 71, 400 
Resistor____-_- eee eee ae f 95, 700 
Secondary cable and control. See ec 


Are marans cenipment. 5b wicceesai 76, 500 
Auxiliary unit substation_____- , . : 58, 600 
Starter group assemblies and auxiliary controls and 

wiring- Boe wichs Sabinca aces a caaagea 67, 500 


Equipment foundations and. housing . building and utility. revisions, 
a ne eet 479, 000 
Alterations to existing building and utilities - $135, 000 
Building addition and mechanical hoisting equipment. 201, 000 
Equipment foundations oe ee Se 
Settling chambers, are chamber, and test section _.___._-~__- 1, 615, 000 


Settling chambers and are chamber______--___-______-_ $230, 000 
Nozzles and test section___ ane 
Model support systems 575, 100 
Mechanical parts of Schlieren syste ms and second min- 
0 a a ee a a i 152, 500 
Pressure, vacuum, helium, and ail piping 5 ; 618, 000 
Water cooling system and aftercooler 829, 000 
Air, helium, and vacuum storage_______~- : 963, 000 


15,000 p.s.i. air storage seeks $120. 000 
] $120, 


5,000 p.s.i. helium storage__- . 145, 000 
100-foot-diameter sphere for air leg * . 573, 000 
60-foot-diameter sphere for helium leg ; 125, 000 
Controls__ 311, 000 
Multistage vacuum pum ping and air dryer for the air system 675, OOO 
Additional helium purification equipment and modifications to exist 
ing system ee B82, G00 
Instrumentation TOO, 000 
Data recording equipment_- $175, 000 
Force measuring instrumentation 143, 000 
Pressure measuring instrumentation c . 120, 000 
Temperature measuring instrumentation ; ~ 10, OOO 
Optical instrumentation : : 10, OOO 
Recording and readout equipment 105, O00 
Programer and test parameter instrumentation 79, OOO 
Design and engineering services_________ 220, 000 
Total estimated cost 7. 957. 000 


Construction schedule.—Total estimated completion time, 36 months 


Dr. DryDen. May I add one word’ QOur long-range plans show a 
flight around the moon and back in about 1968. I would say that we 
have to have results from this facility before we know how to get 
that vehicle there and back safely. I think you are up against the 
— lem I have already mentioned, that there is the leadtime in 
building a new launching vehicle, and that behind that is a leadtime in 
the basic research which must provide the knowledge necessary before 
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we can build the vehicle. If you do not obtain this basic knowledge, 
you will waste an awful lot of money in the process of trying to 
build a vehicle which will do the job. I think this facility is timed 
pretty well insofar as this commitment date for return from flight 
around the moon is concerned. 

Mr. Tuomas. I note that there is an item in the amount of $479,000 
for equipment foundations and housing, building and utility revisions, 
and additions. 

How did you arrive at that figure ? 

For alterations to existing building and utilities there is the amount 
of $138,000. 

For building addition and mechanical hoisting equipment there is 
the sum of $201,000. 

For equipment foundations there is the sum of $140,000. 

How did you arrive at these figures 

Dr. GueENNAN. That adds up tothe $179, 000. 

Mr. Asporr. Figures of that sort, Mr. Thomas, are the easiest ones 
to arrive at, since this is standard, we know what it will cost in that 
area 

Mr. Tuomas. You say they are the easiest to arriveat? Mr. Abbott, 
are you in the construction and contracting business ¢ 

Mr. Anzorr. I am not personally, no, sir; but we do have people 
at Langley who are doing this sort of thing all the time. 

Mr. Tuomas. Are they going to do it at Langley or is this going 
to be let out on open ¢ ompet itive bids ? 

Mr. Assorr. It will be let out on competitive bids, but this esti- 
mate is based on their experience. 

Mr. Tomas. Is this a bidder figure ? 

Mr. Ansorr. No, sir; this is not a bidder figure. 

Mr. Tuomas. Whose figure is it / 

Mr. Asnorr. This is a figure from the engineering group at Lang- 
ley which is responsible for this type of work and who have a great 
deal of experience in this work. 

Mr. Tromas. I thought this job was done here in the central office. 
You do not mean to tell me you have a contract group at each one of 
your installations, do you? 

Mr. Annorr. We have an engineering group at each one of the in- 
stallations which does this type of work and we also have a contract 
group which handles contracts at each installation. 

Mr. Trosas. The central office does not have anything to do with 
this? It isall handled down at Langley ? 

Mr. Apsnorr. No, sir; we give general approval to the scope and 
direction of the project. 

Mr. Jonas. Do you do your own A. & E. work ? 

Mr. Annorr. Do you mean architectural and engineering work ? 

Mr. Untmer. For the most part, we try to contract that. On all 
standard building construction it is contracted; on the more special 
type of work we may have to do it ourselves. 

Mr. Jonas. These figures precede your A, & E. work? 

Mr. Tuomas. No; they set up $220,000 in here for that. 

Mr. Jonas. These figures precede it? 

Mr. Utmer. You are right. 

Mr. Jonas. These are supposed to be just rough estimates ? 








336 


Mr. Utmer. They are estimates by competent engineering people, 
who have built many—— 

Mr. Tuomas. Not anything like this. 

Mr. Utmer. You are correct, but practically all of our facilities 
were specialized and were unusual at the time they were built, and 
these people have had experience in doing that kind of job. 

Mr. Tuomas. Well, they are in the wrong kind of job. If they have 
had experience such as that, they should be in the construction busi- 
ness. 

Mr. Ansorr. Yes, sir. There is not a one of them who cannot make 
a great deal more money by going out and doing it, and we have had 
some who have done it. However, it would be a sad day if the Govern- 
ment were deprived of these people. 

Mr. Tuomas. You are very convincing. 

What is the turnover among this group ? 

Mr. Assorr. The turnover is small. There is also a certain ele- 
ment of glamor, if you will, I would prefer to say an element of chal- 
lenge and interest to it. The opportunities seldom arise where peo- 
ple can do this kind of challenging work. 

Mr. Jonas. Would you say one of the engineers who compiled these 
figures would try awfully hard not to underestimate the costs / 

Mr. Axzporr. What he tries to do is estimate them as closely as he 
can and not add anything to it. 

Mr. Jonas. Do you not think he adds in about 15 percent or <0 per- 
cent for a safe margin 4 

Mr. Asporr. No, sir. 

Mr. Tuomas. He has already figured most of this. I do not know 
why he put in $220,000 if he is a capable design man. I guess he can 
design it for $220,000. To whom is he going to give that if he has 
already done that work ? 

Mr. Utmer. He has done the preliminary engineering only to the 
point of being able to make a reasonable cost estimate. The big job 
comes after the money is available; detailed specificiations and draw- 
ings have to be prepared which can be put out on bid, and this is 
what the $220,000 is for. 

Dr. Drypen. This is the relationship we have always e oy ge with 
this committee: We could go ahead and design something in detail, 
come in with a figure for the cost as the result of the Rae and 
if for various reasons that amount of money was not available, do 
the design og again to stay within the limitation of the money 
available. We believe the procedure of requesting funds on the basis 
of estimates made just as reasonably as we know how to make them, 
and then preparing detailed designs after funds are appropriated 
is a more economical procedure. 

Mr. Jonas. These figures were gotten up last summer / 

Mr. Utmer. That is right, 

Mr. Jonas. They have ho ee ee 0 costs which will be in 
existence after July 1? 

Mr. Utwer. That is true, Mr. Jonas, but from our past experience, 
costs have usually gone up. 

Mr. Jonas. You do not expect them to go down 4 

Mr. Umer. It isseldom that they go down. 

Mr. THomas. You know, Dr. Dryden is one of the best contractors 
in this country, and we used to make a trade with him and we recom- 
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mended his construction. When he gets through with it, it is always 
good. Off the record. 
(Discussion off the record. ) 


DYNAMICS RESEARCH LABORATORY 


Let us look at the research laboratories here. 

At this point in the record we shall insert pages 316, 318, and 319 
of the justifications. 

(The pages referred to follow :) 


LANGLEY RESEARCH CENTER FISCAL YEAR 1961 ESTIMATES 


DYNAMICS RESEARCH LABORATORY 
1. Description 

This project provides for the construction and instrumentation of a research 
jaboratory designed to study dynamics problems of high performance aircraft, 
missiles, space vehicles, space stations, and satellite packages in simulated 
density, temperature, acceleration, and vibration environments. A drawing of the 
proposed facility is shown on the following page. The Laboratory will provide 
the capability for study of both the structural dynamics of the vehicles and 
their components, and the free-body dynamics with respect to space orientation 
control, guidance, and navigation. Configurations envisioned include erectable 
space structures and parallel boost configurations, as well as the more conven- 
tional configurations. The following items are proposed for construction and 
installation under this project: 

(a) A modernization of the vibration facilities of the Langley Center, including 
the addition of required shakers ranging from an increase in the present number 
of 50-pound capacity shakers to electronic and hydraulic vibration systems up 
to 25,000-pound capacity. The electronic systems will be capable of supplying 
sinusoidal as well as complex random force inputs to structures and instrumenta- 
tion packages. 

(bd) A large backstop capable of handling dynamic models of space stations, 
space vehicles, and boost configurations; components of full-scale space stations, 
vehicles, and boost systems; and satellite packages and vehicle instrumentation 
packages, 

(c) An environmental heat and hard vacuum chamber capable of simulating 
atmospheric density and heat conditions of hypersonic flight while simultaneously 
conducting vibration, acceleration, and fatigue research on vehicle structural 
and instrumentation components and control systems. 

(d) A whirl table capable of providing large acceleration fields simultaneously 
while simulating other vibrational and flight environments. 

(e) Simulation equipment to provide means for the study of gain and phase 
effects in semimechanical and analog studies of structural servo feedback induced 
vibrations and instabilities, and for the control and programing of environmental 
test conditions; provisions are included for a tie-in to existing computing facil- 
ities at the Langley Center. 

(f) A shock and impact loading table to simulate and study effects of shocks 
loads arising from conditions such as boost ignition and burnout, stage separa- 
tion, and landing impact. 

(g) Apparatus for simulating electromagnetic field and other environmental 
effects on the spin stabilization of space vehicles and packages; apparatus to 
provide free suspension of space orientation control and guidance systems and 
Stabilized vehicles; and apparatus to provide suitable radiation simulation of 
celestial space reference bodies. 

(hk) A vacuum sphere 60 feet in diameter for the study of space orientation 
control, guidance, and navigation. 

(i) A vacuum cylinder 60 feet in diameter and 60 feet high with provisions 
for the installation of the whirl table and with provisions for studying the 
behavior of large space vehicle components at high altitudes, including the be- 
havior of erectable structures. 

(j)) A building for offices, shops, setup and control of tests, 
data reduction equipment, and support machinery. 

(k) The necessary vacuum pumps to complement the equipment presently 
available at the Langley Center and to permit pump down of either the vacuum 
sphere or the cylinder to a moderate vacuum in approximately 2 hours. 


computing and 
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2. Justification 

The development of satellites in the United States has been greatly hampered 
by lack of adequate facilities for research information on problems in dynamics 
and hence has proceeded on a cut and try, ad hoc test basis. The dynamic charac- 
teristics of vehicles are basic ingredients in the analysis of design for efficient per- 
formance and structural integrity. Lack of information on the dynamic char- 
acteristics has contributed to failures. Many of these have been caused by 
broken and malfunctioning equipment due to large repeated loads which lead to 
high vibratory response and fatigue of vehicle elements. The motions of the 
fuel and the vibratory deformations of the vehicle, coupling with the control 
system, as well as unbalance of the spinning payloads have also caused loss of 
vehicles. The future ferry-reentry vehicles, space stations, and vehicles for 
landing on the moon will generate many dynamics problems which must be 
solved. 

Loss or malfunction of vehicles could be avoided and a more efficient strue- 
ture could be obtained by appropriate applied research and by more compre- 
hensive proof testing of the vehicle components and payloads under conditions 
which more nearly simulate the combined environments which the vehicles will 
experience. The Laboratory under this project is designed primarily to provide 
simulated environments, from launch to orbit to landing, for research to obtain 
the structural efficiency and integrity demanded for high performance and to 
insure the reliable operation of the vehicle. 


Mr. Tuomas. I have noted here one laboratory building, an office 
building, and a shop building. 

Your justifications state as follows: 

This project provides for the construction and instrumentation of a research 
laboratory designed to study dynamics problems of high performance aircraft, 


missiles, space vehicles, space stations, and satellite packages in simulated 
density, temperature, acceleration, and vibration environments 


Here is the drawing and I commend it to you. 
COST ESTIMATE 


We shall insert into the record at this point pages 320 and 321 of 
the justifications, 
(The pages referred to follow :) 
Cost estimate 


Building ; ; ea: ; ; ; S519, 000 
Utilities and paving__- 0 


— aries . bo, OOO 
sackstop and foundation_____ ~~ a ; 50. 000 
Impact and shock table 30, 000 


Cranes __-_ i ; a ; 19. 500 
Vacuum system Ea . core 722. 500 
Environment test cell 


112, 500 

Centrifuge 104, 500 

Electrical systems ee 7 : ; 580, 000 

Instrumentation ; ‘ : : 1. 200. 000 
Vibration test system $350, 000 
Weights, balances and accessories for backstop 7, 000 
Orientation and stablization equipment 500, 000 
Radiation simulation system 100, 000 
Simulation computer system TH. OOO 
Data recording and readout equipment 100, 000 
Auxiliary laboratory instrumentation 200. OOO 

Shop equipment and furniture 22 OW) 

Design and engineering services 04, 000 


Total estimated cost +, 000, 000 


Construction schedule.—Total estimated completion time, 24 months. 
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Mr. Tuomas. With reference to your building, I have a notation 
here as to the number of square feet but I have forgotten what it was 
However, the cost is in the amount of $519,000. 

How many square feet are in the building? 

The utilities and paving come to $65, 000. Your backstop and 
foundation comes to $550 ,000. 

How many square feet are in this building? 

Mr. Urner. I do not have that information, sir. 

Mr. Jonas. It is to bea building 160 by 100 feet, is it not ? 

Mr. THomas. I think this is the only one where they did not give 
the square footage. They gave it in all the rest of them. 

Mr. Unaer. I think you are right, Mr. Thomas. 

Mr. ‘T'Homas. Can you figure it out right quick for us? 

Dr. Drrpen. It is, roughly, 16,000 square feet. 

Mr. Umer. We must bear in mind that this is a two-story building. 

Mr. THomas. What does it cost you a square foot ? 

What do you mean by your “backstop and foundation” in the amount 

of $550,000? 

That makes your building already cost $1,130,000. 

Dr. Drypen. The backstop is a big concrete and steel mounted 
structure on which you install and support the items to be tested. 

Mr. Tuomas. Is that the foundation ? 

Dr. Drypen. No, it is a free-standing structure, in the middle of 
this big hall, to which you can fasten machines. 

Mr. THomas. Do you mean your overhead cran>s? 

Dr. Drypen. There is an overhead crane in there, I believe, to handle 
the pieces of equipment. 

Mr. Tuomas. I note that your crane is listed at $49,500. 

Mr. Apporr. I figure the floor area at 16,400 square feet, untess I 
made a mistake. 

Mr. Umer. That is right. I checked it. 

Mr. Tromas. What will it cost you a square foot? What will it 
be constructed of? Will it be built with a concrete floor ? 

Mr. Utmer. Yes, it is generally that type of construction. 

Mr. Tuomas. Will it be a loft-type building? 

Mr. Utmer. That is just about $30 per square foot. 

Mr. Tuomas. $30 a square foot? 

Mr. Utmer. Yes, sir. 

Mr. Tuomas. Are there any offices or anything like that in it? 

Mr. Utmer. Very limited. It is mostly nonoffice space. 

Mr. Jonas. That does not count this backstop and foundation, does 
it? 

Mr. Tuomas. Is it $30 a square foot without the equipment which 
goes into it ? 

Mr. Anpsorr. The backstop and foundation, as Dr. Dryden says, is 
a very heavy free-standing steel and concrete structure with very 
heavy construction. So, it is an extremely solid item to which models, 
or whatever is going to be tested, can be fastened. At the point they 
are fastened to the structure they will not move in any respect. This 
sort of thing is used to provide solid apport. to the items to be tested. 

Mr. Tuomas. Still, the building will cost $30 a square foot with all 
the equipment? 
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Dr. Drypen. The building itself costs less than that backstop. The 
building itself costs ‘ $519,000. 

Mr. Tromas. How much is that a square foot ? 

Mr. Horner. There are 16,400 square feet. 

Mr. Jonas. About $30 a square foot ? 

Mr. Apporr. It is about $30 a square foot. 

Mr. Jonas. That does not include the equipment ¢ 

You have an electrical system in the amount of $530,000; you have 
cranes in the amount of $49,500; you have a vacuum system in the 
amount of $723,500. 

How does he arrive at all these items here ? 

Mr. Axpporr. On items like cranes you can just about pick them out 
of a catalog, also on items like the vacuum system. Some of the items 
can just about be picked out of a catalog and others can be calculated 
on the basis of so much per pound for steel and this sort of thing on 
the basis of past experience and current prices. 

Mr. Tuomas. Do the figures include the installation costs? 

Mr. Asporr. Yes, sir; these figures are intended to give a complete ly 
furnished installation. 

Mr. Tuomas. You have a design and engineering cost in the amount 
of $94,000 and furniture and equipment in the amount of $22,000 and 
you have 24 months’ leadtime. 


Ames ReseEARCH CENTER 
CENTRIFUGE PQUIPMENT 


With reference to your centrifuge here at Ames, you are going to 
modernize an existing facility / 

Mr. Apporr. Yes, sir. 

Mr. THOMAS. This is the smallest cost you have. I believe it is in 
the amount of S980,000 ? 

Mr. Apsotr. Yes, sir. 

Mr. Tuomas. And you have a leadtime of 8 months. 

You have computer equipment here in the amount of $390,000 ? 

Mr. Utmer. Yes, sir. 

Mr. Axssorr. These centrifuges are controlled by the computer 
equipment and at the present time we are using the computer equip- 
ment which is supposed to service the laboratory. That means that 
when the centrifuge is being used, it is not avail: ible for anything else. 
This project will provide a computer for this piece of equipment. 


Lewis Researcun CENTER 
ENERGY CONVERSION LABORATORY 


Mr. Tromas. Let us take a look at Lewis where you have two 
laboratories, one for energy conversion and one for materials. 

Your justifications state as follows: 

This project proposes the construction of an integrated complex of facilities 
for a broad research program on energy conversion and power generation proc- 
esses and equipment. Major components of the facility comprise highly special- 
ized equipment and instrumentation, suitable laboratory spaces for the equip- 
ment, control rooms and required services, as follows. 

We shall insert into the record at this point pages 325, 326, and 328 
of the justifications. 
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(The pages referred to follow :) 
LEWIS RESEARCH CENTER, FISCAL YEAR 1961 ESTIMATES 


ENERGY CONVERSION LABORATORY 
1. Description 

This project proposes the construction of an integrated complex of facilities 
for a broad research program on energy conversion and power generation 
processes and equipment. Major components of the facility comprise highly 
specialized equipment and instrumentation, suitable laboratory spaces for the 
equipment, control rooms and required services, as follows: 

Radiant energy conversion facilities—Equipment to produce a variety of 
radiant energy sources, including electromagnetic waves, and neutron beams of 
various energies; and equipment for preparing special cells, and related devices. 

Thermal energy conversion facilities.—Equipment to provide thermal energy 
sources, and instrumentation and apparatus for testing and evaluating systems. 

Chemical properties equipment.—Advanced instrumentation for ascertaining 
properties of matter in its various states in support of energy conversion re- 
search as well as other researches at the laboratory pertaining to propulsion 
and space research. 

Liquid metal pump facility.—A test facility for pump research including cycle 
heater, condenser, research pump, prime mover, flow control instrumentation 
and liquid metal storage and purification equipment. 

Liquid metal turbine facility—A closed-loop turbine rig including boiler, 
research turbine, condenser, service pump, power absorber, controls and instru- 
mentation. 

Systems dynamics and cavitation facility—A small scale closed-loop rig in- 
cluding pump, heat exchanger, lines and ducting, test sections, supply tank and 
special devices for studying fundamental dynamics and cavitation character- 
istics of liquid metals. 

Liquid metal heat transfer facility—-A multiclosed loop heat transfer rig 
involving fluid supply tank, pumps, test section, heat source, purging and clean- 
ing equipment and instrumentation for studying convectors, nucleate boiling, 
condensation and evaporation phenomena of liquid metals at temperatures from 
1,000° to 2,500° F. 

Friction and lubrication apparatus.—A friction test rig and vacuum chambers 
for investigation of bearings and seals for liquid metal applications. 

A drawing of the proposed energy conversion laboratory is presented on the 
following page. 





2. Justification 


A prime requirement for effective space flight and space exploration is light- 
weight, efficient electrical production devices. Not only is the need for light- 
weight and high efficiency very great, but the power requirements for future 
space vehicles vary over extremely wide ranges of duration, average power, and 
peak power. To adequately meet these requirements, a broad research program 
on a wide variety of energy conversion processes is essential. Such a program 
must encompass exploratory, basic research on various concepts of direct con- 
version processes, applied research on turboelectric system components, research 
into the heat transfer and thermodynamic and hydrodynamic characteristics of 
novel working fluids. 

Exploratory research on direct conversion processes includes the production 
of electrical energy from heat and radiation of various kinds. Typical con- 
cepts requiring experimental investigation are photovoltaic cells of various 
kinds, photogalvanic cells, microwave amplifiers, thermopiles, plasma diodes, 
and utilization of energy gaps in semiconductors or artificial metals. Such 
direct conversion methods offer the promise of improved reliability for long- 
term space missions through the elimination of rotating machinery. The 
theoretical efficiences are comparable to those of conventional electric power 
generation equipment. The direct conversion devices also hold promise for 
improved lifetime against meteoroid penetrations of the powerplant waste heat 
radiator. 

To achieve lightweight, turboelectric systems requires vaporized and liquefied 
metals at high temperatures as the working fluid. There are therefore intro- 
duced a host of new problems relating to the unusual hydrodynamie and therme- 
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dynamic properties of these fluids as well as the design and operation of such 
high-temperature components as pumps, turbines, evaporators, and heat exchang- 
ers. To rapidly and effectively develop this new technology will require a well- 

coordinated research program on all these problems. Pumps must be capable of 
operating with these fluids near their boiling point: turbines must operate with 
high efficiency and with considerable moisture in the working fluid; the cavita- 
tion phenomena of liquid metals in valves and pumps need be determined: the 
mechanism of the flashing of the liquid into the vapor phase needs study; and 
knowledge of the general heat transfer, hydrodynamic and thermodynamic prop- 
erties of these liquids and their vapors is virtually nonexistent. 


38. Cost estimate 


a ai imine aici S785, 000 
Site preparation and utility connections_ ~___.__.___-_---__- ae 190, 000 
a 5a chtbdeinbanbcbdiem ni ecbkeindoeecb bes ai ba 3, 850, 000 

Radiant energy conversion equipment___________-__ $450, 000 

Thermal energy conversion equipment___-_- sibel 480, 000 

Chemical properties equipment___________________-~_ 340, 000 

I A a te whiicin ec seseineticimnite 390, 000 


Liquid metal turbine__________ ii ees, S40, 000 
Systems dynamics and cavitation equipment__ andtniae 160, 000 
Liquid metal heat transfer equipment-— 620, 0OO 
Friction and lubrication apparatus__ a ocai 570, 000 
Design and engineering services__..__- F 225, 000 


Oe ee 5, 050, 000 
4. Construction schedule 


Total estimated completion time, 27 months. 
Mr. Tuomas. Your justifications at page 526 state as follows: 


A prime requirement for effective space flight and space exploration is light- 
weight, efficient electrical production devices. Not only is the need for light- 
weight and high efficiency very great, but the power requirements for future 
space vehicles vary over extremely wide ranges of duration, average power, and 
peak power. To adequately meet these requirements, a broad research program 
on a wide variety of energy conversion processes is essential. Such a program 
must encompass exploratory, basic research on various concepts of direct con- 
version processes, applied research on turboelectric system components, research 
into the heat transfer and thermodynamic and hydrodynamic characteristics of 
novel working fluids. 

Do General Electric and the Smithsonian Institute have any of these 
facilities, Mr. Abbott ? 

Mr. Assorr. There will be nothing in here, I believe, which is unique 
to this installation, but I do not know of anyone who has the complex 

requested here to permit attacking our problems from all directions. 

Mr. Tromas. You are practically doing over the laboratory there 
at Langley, are you not, in this regar d? 

Mr. ‘Apporr. At Lewis, sir. 

Mr. Tuomas. Is it Lewis or Langley ? 

Mr. Asporr. This is Lewis. This is a comparatively new field for 
us, and we do need this equipment to permit us to get into it properly. 

Mr. Tomas. You have a leadtime of 27 months. 

What is all of that personnel which you have going to be doing all 
that time ? 

Mr. Anvorr. Again, our problem at Lewis is not to find work for 
the personnel to do but to try to decide what we can properly under- 

take with the personne] which is there. Again, we will either have 
to stop some of the existing work which is needed or we will have to 
come back and ask vou for additional people. 
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Mr. Jonas. Do they not do exactly the same thing at Wright-Pat- 
terson Air Force Base? Do they not have similar laboratory facili- 
ties there ¢ 

Mr, Asrorr. They have laboratories at Wright-Patterson, but they 
do not have anything like this. 

Mr. Jonas. They do not have any laboratories such as this? 

Mr. Aspsorr. No, sir. 

Mr. Jonas. You are sure? 

Mr. Asporr. Yes, sir. 

Mr. Jonas. You checked that ? 

Mr. Apporr. Yes, sir. 

Mr. Tuomas. How large is this building ? 

Mr. Asporr. We have coordinated these facilities with the Depart- 
ment of Defense and some facilities have been dropped from the 
budgets in both instances, both theirs and ours. 

Mr. Tomas. How much is this building going to cost? Is that 
figure $785,000 ? 

“Mr. Asport. Yes, sir. 

Mr. Tuomas. For site preparation you have the amount of $190,000. 

How many square feet are in this building? Is this going to cost 
$30 a square foot also? 

Mr. Unmer. It has about 23,000 square feet in it, including the 
basement. 

Mr. Tuomas. How much is that a square foot ? 

Mr. Utmer. A little over $30, I believe. 

Mr. Tuomas. Well, is it going to contain offices or be loft space or 
what ¢ 

Mr. Utmer. Most of these are laboratory rooms. 

Mr. Tuomas. For engineering and design there is the sum of $225,- 
000 and the total cost of the equipment and building is $5,0: 50,000. 

How did you arrive at the cost of these components listed in here 
at $3,850,000 which include radiant energy conversion facilities in the 
amount of $450,000; thermal energy conversion equipment in the 
amount of $480,000; chemical properties equipme nt in the amount of 

$340,000; liquid metal pump in the amount of $390,000, and so forth? 
These are all new items with which you have not had any experience. 

How did you come up with this construction figure ? 

Mr. Assorr. These items are items which can be obtained commer- 
cially and these figures are arrived at from the current prices for 
those pieces of equipment, 

Mr. Tuomas. Does not the Bureau of Standards have any of this 
equipment ¢ 

Mr. Anporr. Yes, sir; they have certain types of it. 

Mr. Tuomas. Can you get them to do this work for you? 

Mr. Anporr. Not without providing them with the additional equip- 
ment and people with which to do it. 

Mr. Tuomas. I thought you said they had some of this equipment 
now, 

Mr. Anporr. Yes; and it is being used. Of course, the equipment 
that they have is for their purposes. 
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MATERIALS RESEARCH LABORATORY 


Mr. Tuomas, Let us take a look at your Lewis research center and 
your basic materials research laboratory which you state is required 
to extend the scope and magnitude of the materials research capa- 
bility to the field of space vehicles, and so forth. 

This category will include equipment for basic research on ion and radiation 
damage, the chemistry and physics of surface under very high vacuum, the 
nature of imperfections in solids, elementary processes involved in the mechan- 
ical behavior of solids, chemical binding in refractory materials, and the 
chemistry of the reactions of dissociated gases with metals and ceramics at 
very high temperatures. 

Are we doing this anyplace else ¢ 

Mr. Apporr. Yes. As you are aware, I think, Mr. Thomas, there is 
a considerable amount of materials work going on in this country 
and, as a matter of fact, it is being increased. There is concerted 
effort on the part of the Government, in several agencies, to increase 
this work. The amount of it done in NASA is small and will remain 
very small compared to the total amount going on after we man this 
piece of equipment. 

Mr. Tromas. How does this fit in with your atomic energy installa- 
tion in Plumbrook ? 

Mr. Ansorr. There are certain types of materials work here which 
will be very closely coordinated, such as the work on tungsten that I 
mentioned this morning. What we are trying to do here is pick up 
that part of the basic materials work which is associated with the space 
activities, in which other people are not 

Mr. Tuomas. Your language clearly indicates you are getting into 
space activity work. You kept a big personnel load there for 18 
months. Now you are modernizing your equipment and finally getting 
into your new job. Is that true? 

Mr. Asgorr. Sir, we are alre: ady into it to a very large extent, but 
as is always the case in a rapidly advancing technology, such as this, 
new equipment and new skills have to be taken on board to supple- 
ment and to replace the older. 

Mr. Tuomas. You express it better than I. I will read your 
language. 

To meet expanding NASA research responsibilities it is mandatory that the 
scope and magnitude of the NASA materials research effort be substantially 
expanded, primarily to study the unique and entirely new materials problems 
that are encountered in space vehicles. 

Let us take a look at your cost with a leadtime of 15 months. The 
building is $1,050,000; utility connections are $50,000. How many 
square feet are there in this building? 

Mr. Utmer. Approximately 40,000, Mr. Thomas. 

Mr. Tuomas. How much is that a square foot ¢ 

Mr. Utmer. About $26 a square foot. 

Mr. Tuomas. Do you have any cafeteria, libraries, or any offices in 
this building ¢ 

Mr. Utmer. No cafeteria, no libraries. There will be some offices. 

Mr. Apporr. Some offices, but primarily shop rooms. 

Dr. Drypen. On page 330, the office is shown on the front of the 
building. 
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Mr. Tuomas. How much do you have in here for fallout shelters? 
Mr. Axsporr. That is not broken out separately, sir. I cannot give 
you that answer. 


FALLOUT SHELTERS IN NEW BUILDINGS 


Mr. Tuomas. Do you have fallout shelters in the other buildings we 
have just passed over ? 

Mr. Umer. Yes, sir. All of the Lewis buildings have been de- 
signed with that requirement. I am sorry I did not bring the figures. 
You can have it fir st thing in the morning. 

Mr. Tuomas. Do all of the new buildings you are constructing in 
this program have fallout shelters according to ODM regulations? 
Do you know what it is costing ? 

Mr. Uumer. I do not have the figures with me. 

Mr. Tuomas. Did you ask for those fallout shelters? 

Mr. Utmer. We did, sir. We were required to make the estimates 
include that provision. 

Mr. Tuomas. I did not ask you that. I knew you were required, 
but I asked you if you asked for it. 

Mr. Uumer. Yes, sir. I think the amount—I would rather not 
guess. [have it at the office. I will bring it in, 

Mr. Tuomas. Off the record. 

( Discussion off the record.) 

Mr. Asporr. It has to be put in unless we get an exception. 

Mr. THomas. Is it costing 5 or 10 percent of the total construction 
cost? What is the nature of the ODM fallout facilities? 

Mr. Asporr. It is broken out for some of these facilities. 

Mr. TrHomas. I did not read where you broke any of it out. You 
mentioned it in two or three of them lightly. 

Mr. Unaer. I would like to check the record on that, Mr. Thomas. 

Mr. Tuomas. I think the evidence so far has been it was 5 or 7 
percent of the total cost of the building. 

Mr. Jonas. Do you mean those shelters ? 

Mr. Tuomas. Yes. Mr. Floete told us it was either 5 or 7 percent. 

Does anybody have an idea of what the ODM extra cost is? 


(FODDARD SPACE CENTER 
PAYLOAD TESTING FACILITY 


Let us take a look at the Goddard Space Center. Here is the first 
time you mentioned ODM up to now. You are asking for a satellite 
systems laboratory and a payload testing facility. 

I have a question here : 

Do all buildings in the program have OCDM shelters: and you have 
just said “Yes.” 

It is proposed to construct an integrated laboratory to house the necessary 
facilities and personnel for the testing and evaluation of all scientific probes, 
payloads, or satellites developed by the Goddard Space Flight Center. 

This is a testing laboratory ? 

Dr. Srnverstern. Yes, sir. 

As indicated in the drawing on the following page, the building will consist 
of a multistory office area for scientific and administrative offices intercon- 
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nected to a single-story laboratory area containing a high center bay with bridge 
crane and paralleled on either side by low bays for bulky research facilities, 
isolatable test cells, instrumentation rooms and supporting equipments. The 
building will provide about 60,000 square feet of space, including fallout shelters 
in accordance with OCDM requirements. 

How many feet of fallout shelters have we got ? 

Dr. SirverstErn. Adequate, I think, for the personnel to be used in 
the building. 

Mr. Tuomas. Can youtranslate that into square feet for me? 

Dr. Stiverstern. I cannot, sir. 

Mr. THomas. Will you do th: at for the record, please, sir? 

Mr. Utmer. Mr. Thomas, as you know, the OCDM standards do 
not apply to every building. There are certain considerations regard- 
ing the size of the building and the function of the building, which 
determine whether or not a shelter is included. We will outline that 
in detail for you. 

Mr. Tuomas. This is one of those ? 

Mr. Umer. I would think so, yes. 

Mr. Tuomas. Your justification clearly states. 

What is this going to cost you a square foot ¢ 

Dr. Sitversrern. In the order of $21 a square foot. It will average 
$21. 

Mr. Tuomas. Are we going to show any reduction in rent when you 
build this building ? 

Dr. Sttverstein. Yes, sir. Weare currently renting space at NRL, 
providing a fee to them for their overhead. 

Mr. THomas. How much money will you save in rent on construc- 
tion of this building? 

Dr. Stiverstern. I think it will be somewhere in the order of 
annual cost of around $200,000. 

Mr. Tuomas. Saving, you mean ? 

Dr. Stiversrern. Yes. 

Mr. Tuomas. If that is true, you will pay for it in 6 years then. 
That is a good payout. That is the kind we like. Are you sure about 
your $200,000 ¢ 

Dr. Sttversrern. I can check it for you. I think it is about the 
right order. 

Mr. Tuomas. Have you separate research facilities at your other 
installations for these different components that you are going to test? 
What about down at Huntsville! Do you have the same type labora- 
tory down there ? 

Dr. Sttversrern. We have some of these components at Huntsville, 
but not of the size that we are going to have here. Those at Huntsville 
are qualified to check out payloads of the size of the ones that have 
been used on the JUNO II vehicle, and the early EXPLORER I type 
vehicles. We are moving rapidly toward larger vehicles with larger 
satellites and payloads and we have to increase our capability for 
handling the larger size. 
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COST ESTIMATE 


Mr. Tuomas. Put pages 337 and 338 in the record. 
(The pages referred to follow:) 


8. Cost estimate 


ee ee ee eed ee a aes $1, 250, 000 
I a cotesneianoegivares oneal asieecaapesainon iii eae 2, 230, 000 
nae | IO Sk ee 860, 000 
Ir seamen UDI CORN ici cs cd es eee 90, 000 

NI Cr Eaaec cist an lenin cesium inadeinten abianabeconide 300, 000 
no ces es besten mada dees abel ancaia 75, 000 

Ce A eg aS cles ala bic eneitb ined leads 25, 000 
eee CURE” SINE III ei teres 150, 000 
ee © Oe or eka ected bande ainentiedntaecbaieol 60, 000 
Peter sone Caenninete ee eee 75, 000 
Been eee CUIININNS sre Se 345, 000 
Conmibined’ envisemment taciiie. oe a 250, 000 
es ee Sr POTN, a i hice 75, 000 
ner rn OI ei ee a a es 3, 555, 000 


4. Construction schedule.—Total estimated completion time, 26 months. 


Mr. Tuomas. Your building construction here is $1,250,000. 

I have here $20-plus a square foot. You said $21. You have got 
$2,230,000 worth aaa here; data-handling systems, $345,000, 
combined environment facjlity, $250,000. What is the combined. en- 
vironment facility ? 

Dr. StrversTetn. That is a facility where you combine a capability 
providing a high vacuum with heating and cooling of the payload. 
This takes it through the environment experiences in space. 

Mr. Tuomas. Leadtime is 26 months. 

Gentlemen, let us quit and come back at 10 o’clock tomorrow. We 
ought to finish this tomorrow. You have another lab at Goddard that 
costs $1,750,000. I think we can get through tomorrow. 


Wepnespay, Marcu 16, 1960. 
SATELLITE SYSTEMS LABORATORY 


Mr. Tuomas. Will the committee please come to order. The first 
item for consideration this morning under construction is the satellite 
systems laboratory at the Goddard Center. We shall insert pages 
339 and 341 in the record. 

(The pages referred to follow.) 


SATELLITE SYSTEMS LABORATORY 

1. Description 

This project proposes the construction of a laboratory building that will pro- 
vide the Goddard Center with facilities for the development and integration of 
large satellite systems. The building will provide about 100,000 square feet of 
space, including fallout shelters in accordance with OCDM requirements. A 
sketch of the proposed facility is presented on the following page. The building 
will include an enlarged cafeteria required for the increased staff, an auditorium 
for the center’s technical and staff meetings, and provisions for a permanent 
library. As part of this project, the existing interim cafeteria equipment 
presently located in the space projects building will be moved and the area con- 
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verted to engineering design space in accordance with the original long-range 
plan for that structure. 


2. Justification 


The increased thrust being provided by current booster development programs 
will provide for increasingly larger and more complex satellite systems and pay- 
loads. The conception, construetion, and integration of these complex systems 
requires additional facilities and personnel skilled in payload system integra- 
tion and management, 

Typical payloads are those for Nimbus and for the orbiting astronomical] 
satellite. The Nimbus satellite, weighing upward of 600 pounds, contains tele. 
vision, electrostatic tape records, radiation sensors and scanners, and other in- 
struments intended to study the meteorology of the earth. The satellite 
will contain an elaborate control system consisting of pneumatic and gyro 
wheel elements for stabilizing the satellite with respect to the earth. Thus, 
the cameras and other sensors will always be looking straight down at the 
surface. In addition, a near polar orbit is planned, which will result in much 
greater coverage. To design and integrate such a complex system as a complete 
unit, a process necessary for mission success, facilities, and personnel working 
together in a single area are needed. 

Another larger and more complex payload is the orbiting astronomical satel- 
lite which will weigh more than 3,000 pounds and contain a vast array of 
astronomical instrumentation. From this highly stabilized platform, telescopes 
will be pointed to definite objects of the sky for astrophysical study. Still an- 
other type of payload weighing up to 3,000 pounds will be composed of separate 
satellite systems some of which will be ejected as individual satellites. All 
components of these systems must be brought together in a single area for 
integration. and systems testing. 

The work involved in the integration and testing of these payload systems 
includes the development of attitude ecrientation devices requiring gyro and 
jet stabilization systems: the development of precise steering controls for pre- 
determined flight programs; the development of integrated satellite pay- 
loads including mechanical, power, and signal compatibility of various experi- 
ments or subsystems: the study of special trajectory requirements; flight sta- 
bility analvsis: and the development of separation techniques. 

The implementation of this work requires a location at the Goddard Center 
with access to the instrument shops, the environmental checkout facilities, and 
the scientific staff developing the sensor components. The proposed building 
will enable the center to group its scientific, technical and administrative staff 
efficiently in accordance with their related functions. 


Q 


8. Cost estimate 


rE NINN i a i csi ri rani 2 e $3, 700, 000 


Research equipment-__- si halen ecphaneaaitnins eal 650, 000 
3yro-test facility inclnding associated computer $400, 000 
Checkout ground receiving and decoding equip- 
ment pal CT ee i nl ~. 200, 000 
Shielded rooms eae oe in 50, 000 
Revisions to space projects building _- aa 70, 000 
Design and engineering services . 216, 000 


Total estimated cost_ oe 4, 636, 000 


4}. Construction schedule 


Total estimated completion time, 26 months. 
Mr. THomas. You say on page 339 of the justifications: 


This project proposes the construction of a laboratory building that will pro 
vide the Goddard Center with facilities for the development and integration 
of large satellite systems. The building will provide about 100,000 square feet 
of space, including fallout shelters in accordance with OCDM requirements. 
A sketch of the proposed facility is presented on the following page. The build- 
ing will include an enlarged cafeteria required for the increased staff, an 
auditorium for the center’s technical and staff meetings, and provisions for 
a permanent library. As part of this project, the existing interim cafeteria 
equipment presently located in the space projects building will be moved and 
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the area converted to engineering design space in accordance with the original 
long-range plan for that structure. 

The increased thrust being provided by current booster development pro- 
grams will provide for increasingly larger and more complex systems and 
payloads. The conception, construction, and integration of these complex sys- 
tems requires additional facilities and personnel skilled in payload system 
integration and management. 

Is there overlapping of this facility with either Huntsville, or 
the JPL laboratory ¢ 

Dr. Drypen. No, sir. This, as I explained yesterday, provides for 
payloads of 600 pounds and more. The one you see here is for about 
900 pounds. Future payloads will be very much larger. They have 
to be shaken, heated, and cooled and their per formance tested. 

Mr. Tuomas. This lsboratory can work with any type of payload. 
It is not confined to 600 pounds ? 

Dr. Dryven. The size of the thing you can shake depends upon 
the size of the shaking equipment you order. We have shaking equip- 
ment for the smaller payloads. We do not have it for the larger 
ones. 

Mr. Tuomas. We are talking about the building. 

Dr. Drypen. The building itself is to house the equipment. 

Mr. Tuomas. You have 100,000 square feet here. I have an esti- 
mate here that the building will cost $3.7 million. That is $37 per 
square foot. Is that correct ? 

Dr. Drypen. That is correct. 

Mr. Tuomas. There is a leadtime of 26 months? 

Dr. Drypen. Yes. 

Mr. Tuomas. You have a total cost for the building and equipment 
of $4,636,000. 

What do you mean by “shielded rooms” as shown on page 3414 

Dr. Drypven. In checking out the radio equipment, telemetry equip- 
ment, you put it inside of a room whose walls are covered with copper 
screens so outside radio signals do not get in. 

Mr. THomas. How many rooms do you have? 

Dr. Stuwverstern. These cost about $25,000 apiece to shield. 

Mr. TrHomas. What do you shield with, one-sixteenth of an inch 
copper plating? 

Dr. Stiverstern. It is either copper sheet, or copper screen. It is 
done both ways. These rooms are standard. You practically buy 
them on the market. 

Mr. Tuomas. How thick is the copper shielding? 

Dr. Stiverstern. It is quite thin. 

Mr. Tuomas. How large will the rooms be? 

Dr. Stiverstern. I do not know exactly. I think 16 feet by 16 feet. 
That is a standard room. 

Mr. Tromas. Certainly they would not cost $25,000. What you 
are doing is plastering them over with copper plate? 

Dr. Sirversrern. The copper plate has to be completely sealed. The 
copper is soldered completely around the room. If you have leaks 
in it you will loose the full effectiveness of the room. 

Mr. Tuomas. You show design and engineering services in the 
amount of $216,000. 

Mr. Jonas. When you are prepared for bigger payloads than this 
will you have to build a new facility ? 
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Dr. Drypen. When we come to the payloads for SATURN we 
will have to get larger equipment. I do not say we will have to get 
new buildings. I do not know at this time. 

Mr. Jonas. If you have to build a new building to take care of 
a 600-pound payload and cannot expand existing facilities, it would 
seem to me to be almost inevitable when you increase your payload 
you are going to have to build a new facility ? 

Mr. Horner. I would like to point out there is no such facility 
today. The payload preparation has been carried on thus far in rooms 
that have been built for other purposes where equipment has been 
added on a payload-by-payload basis. That facility will be the first 
integrated payload development facility of its nature, and it will 
have considerable growth potential. 

Mr. Tuomas. Certainly the building can house most any type of 
payload. You have in the neighborhood of $1 million here for 
equipment. 

Dr. Drypen. That is right. 

Mr. Tuomas. For a 600-pound payload. Mr, Jonas raises the ques- 
tion whether you can use this same equipment for a 1,000-pound 
payload ? 

Dr. Drypen. It will cover such a range asthat. It would not cover 
20,000-pound payloads which SATURN would be able to put up. 

Mr. THomas. How much money are you spending on your library 
construction and your cafeteria?’ How many people can you feed? 

Dr. Drypen. The cafeteria will seat 800 and will serve the whole 
installation. I do not have the specifics on the library. 

Mr. Tuomas. What kind of messing facilities do you have at God- 
dard now? 

Dr. Drypen. Temporary messing facilities for the two buildings 
that are just bein g¢ completed. 

Mr. Tuomas. Do you have any messing facilities now ? 

Dr. Dryven. No, sir. The buildings are not yet occupied, but there 
will be a temporary facility set up on one of the larger rooms. The 
new cafeteria will serve the entire center. 

Mr. Tuomas. How much money are you spending on the cafeteria 
and how much on the library ? 

Dr. Drrnen. I do not have that breakdown. We can furnish that 
to you. The cafeteria is shown on the drawing on the previous page. 
It is asingle story addition to the other structure. 

Mr. Tuomas. $37 per square foot looks like mighty expensive con- 
struction to me. 

Dr. Drypen. I am sure that particular bit does not cost that much. 

Dr. Suiverstetn. The $37 a foot includes the laboratory benches and 
the electrical system to support the laboratory. In a laboratory of 
this type we have to have in each bench for the checkout of this equip- 
ment electric power over a wide range of voltage; high levels of power 
in some cases for the larger satellites. Also high pressure air vacuum 
systems, water and so forth. 

Mr. THomas. You have close to $1 million in equipment ? 

Dr. Stiverstern. The equipment is special research equipment, but 
does not include the normal laboratory bench type equipment that is 
provided in a laboratory building. 

Mr. Tuomas. It is obvious from what you gentlemen say these costs 
estimates are the rankest sort of a guess. 
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FALLOUT SHELTERS 


Mr. Uumer. I wonder if I could give you the figures at this point 
that I promised on the OCDM requirements because those costs are 
involved in this particular building? 

There are four facilities in the construction program that have the 
fallout shelter cost included ; the two at Goddard and the two at Lewis 
that we discussed yesterday. The other buildings are not suitable for 
fallout shelters, primarily because they do not have basement areas. 
The total money in the construction program for this purpose is 
$495,000; $395,000 of which is for the two Goddard facilities. 

Mr. Tuomas. What about the Lewis facilities? 

Mr. Utmer. $100,000; $50,000 apiece—$50,000 for the energy con- 
version laboratory and $50,000 for the basic materials research. 

Mr. Tuomas. Did you request this? 

Mr. Utmer. Those amounts are included in these estimates. 

Mr. Tuomas. I asked you, did you request this? 

Mr. Utmer. Not originally, sir, but we were later advised our esti- 
mates should be increased to include these amounts. 

Mr. Tuomas. How many square feet will it cover ? 

Mr. Utmer. I cannot give you that. I would have to go back again 
to the drawings for those buildings. It is a function almost entirely 
of the basement areas provided in the buildings; in some cases they 
have full basements, and in some cases partial basements. 

Mr. Tuomas. Will they serve any useful purpose in your day-to- 
day activities ? 

Dryven. No, sir. In many cases what it amounts to is some 
increase in the thickness of the walls in the basement, or something 
of that sort, which serves no function in the ordinary use of the 
building. 

Mr. Botanp. Are we doing this in all construction work now ? 

Mr. Tuomas. No. 

Mr. Botanp. I see. 


UTILITY INSTALLATIONS 


Mr. Trromas. Let us take a look at the utility installations at the 
Goddard Space Flight Center. You say on page 342: 


This project covers the necessary additional utility installations required by 
the Goddard Center. The project includes the erection of a security fence 


and gatehouse, site and road improvements, utility extensions, and additions to 
the heating plant. 


As well as I remember you are going to buy a little piece of land 
here. 


Dr. Drypen. No land. 


Mr. Tuomas. We shall insert pages 342 and 344 in the record at 
this point. 


(The pages referred to follow :) 


UtTiniry INSTALLATIONS 
1. Description 
This project covers the necessary additional utility installations required by 
the Goddard Center. The project includes the erection of a sec urity fence and 
gatehouse, site and road improvements, utility extensions, and additions to the 
53552—60—pt. 3-——-23 
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heating plant. The proposed work is indicated on the plot plan of the Goddard 
Center shown on the following page. 


2. Justification 


At the Goddard Space Flight Center, authorized in the fiscal year 1959, the 
NASA is establishing a development center from which space programs can be 
planned, monitored, controlled, and evaluated. In conjunction with the two 
additional buildings being proposed for construction in the fiscal year 1961, 
additional supporting utility installations will be required. The central power, 
steam generating, and refrigeration plants must be enlarged; extensions will 
have to be made to the underground utility distribution systems; site clearing 
and grading is required ; additions will have to be made to site roads and parking 
areas: a property fence and gatehouse will have to be erected ; and the installa. 
tion of alarm and traffic control systems for security operations will be required. 

In addition, the improvement of Glen Dale Road, currently a secondary county 
road. from the Baltimore-Washington Parkway to Telegraph Road is necessary, 
The Goddard Space Flight Center site occupies approximately two-thirds of this 
front footage on the north side of Glen Dale Road; a fair share of the estimated 
cost of improvement is approximately one-third. The required additional right- 
of-way for widening the road is available from Government property. 


3. Cost estimate 


Additions to the central heating plant___- iis $480, 000 
Extension of power, water, and sewer utilities____.__.._.___--~- ddd 220, 000 
IR ccm pepleiectgioceonl aw , ae 
Improvement to county road ie silteiiaiesiabtoinad i 200, 000 
Boundary fence and clearing 82, 000 
Gatehouse, security, and traffic control equipment , . 87, 000 


Total estimated cost... ___- " tog 1, 309, 000 


ul 


4. Construction schedule 


Total estimated completion time, 26 months. 


Mr. Tuomas. You come up with a total figure of $1,309,000. 
Why is it necessary to have an addition to your central heating 


plant at this time in the amount of $480,000? When was the plant 
constructed ¢ 

Dr. Drypen. The same problem is presented here as with the cafe- 
teria. The two buildings first installed required heat. This was 
provided with a small heating installation. This provides for a 
central heating plant for the whole site. 

Mr. Tuomas. Did you build your present heating plant? 

Dr. Drypen. It was necessary to provide heat for the first two 
buildings. 

Mr. THomas. Did you not plan your heating plant for later en- 
largement ? 

Dr. Drypen. Yes. 

Mr. Tomas. And what you are requesting is just an extension 
to the original unit ? 

Dr. Dryppn. That is correct. 

Mr. Tromas. How firm are these estimates here? T see site work 
and roads, $240,000. You can do a lot of dirt moving for $240,000. 

Dr. Drypen. Yes. That is shown on the plat plan. 

Mr. Tuomas. I do not see much justification here. 

You say on page 342 of the justification : 


The central power, steam generating, and refrigeration plants must be en- 
larged ; extensions will have to be made to the underground utility distribution 
systems; site clearing and grading is required: additions will have to be made 
to site roads and parking areas: a property fence and gatehouse will have to be 
erected; and the installation of alarm and traffic control systems for security 
operations will be required. 
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Why the expenditure here of $87,000 for a gatehouse? What is the 
purpose of that? 

Dr. Drypen. This is required to control the admission of visitors. 

Mr. Tomas. What kind of a fence are you going to put up? 

Dr. SILveERSTEIN. One of the standard chain-link fences we use at 
our other laboratories. 

Mr. Jonas. What will be the total construction investment at God- 
dard, including buildings under construction now, and the new ones— 
the physical plant ? 

Mr. Utmer. We had a 1959 program of approximately $4 million. 
There were three additional buildimgs and utility installations pro- 
vided in the 1960 program totaling about $14 atiae The 1960 
program includes no additional buildings. The next increment we 
are talking about is $9.5 million in 1961. 

Mr. Jonas. A total of how much ? 

Mr. Ucmer. $9.5 million in this estimate. 

Mr. Jonas. $27.5 million for construction to date. Was any con- 
sideration given to using existing facilities such as the Naval Gun 
Factory be fore this project. wi as beeun at Goddard ¢# 

Dr. Drypex. V ery much so. There was a survey made of availi- 
able buildings. These are not suitable for this purpose. 

Mr. Jonas. Could it not have been modified ? 

Dr. Drypen. Not economically. We had one recent experience, as 
you may recal]l—Chincoteague. The naval air station was abandoned 
and turned over to us. Tt h: as a great Vv anety of buildings. We did 
modify the original construction plant at Wallops, to use ‘these build- 
ings. We saved several million, but we did not save the full cost of 
the buildings because we had to make considerable alterations to pro- 
vide the control station, the telemetry station for the Wallops Island 
installation. We did at the time examine specifically the Washing- 
ton Navy yard facility. This was in 1958. 

Mr. Tromas. Chincoteague is a big naval base. The Navy must 
have put $200 million in it. It is only 10 miles from their Wallops 
station, but is was not close enough to the District of Columbia. 


Watuors Istanp STATION 
OPERATIONS COMPUTING CENTER 


The next item for consideration is the operations computing center 
at Wallops station. 

We shall insert in the record pages 348 and 349 of the justifications. 

(The pages referred to follow :) 


OPERATIONS COMPUTING CENTER 
1. Description 
This project is requested to provide a center capable of handling data reduc 

tion at the Wallops station. The main computing machines will be rented, but 
it will be necessary to provide funds for (1) the purchase of auxiliary equipment 
such as film readers, strip chart readers, automatic data plotters, small desk- 
type calculators, and tape to card converter for telemetering data; and (2) re- 
modeling part of an existing building at the Wallops station to house the rented 
computers and the related equipment. 


2. Justification 


Data from the Wallops station’s firings are now reduced at the Langley Center 
and are, in general, handled in a manner tailored for aerodynamic research. By 
1961, the volume of firings scheduled for the station (involving the Langley, 
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Goddard, Ames, and Lewis Centers, and many sounding rocket contractors) 
makes it essential that facilities be provided at Wallops station to reduce 
promptly to a tabulated form radar, rawinsonde, optical, and Doppler data, 
In addition, the ability to compute dispersion characteristics and impact pre. 
dictions will increase the safety factor, reduce clearance areas, and aid in the 
recovery of some payloads. 

3. Cost estimate 


nN ad cep eia ean wa weaetsnca eis anetntinmtbeledes $260, 000 
I i ili ace mraick sheet ini chase nena nese oahn ond senalls 25, 000 
I SE AUR INCE NIT NI seen mss a meine eneminranian ay 92, 000 
IOS OU: i ee 80, 000 
eases dncenreenione esse eng tbieumectacens 50, 000 
I tens bvmsimeniriinch nibeb aad andi tahini - Bee 
ase les ie inibennie vinlsabinmn eratdabaniaes 60, 000 
os i cen Gabbinledismernshseimenabyeeaeina 30, 000 

I a  eacreticinps acinar msnccnas aesiejon anneal 350, 000 


4. Construction schedule 
Total estimated completion time, 10 months. 


Mr. Tuomas. How does this overlap with the Goddard computing 
center and your others? I believe you stated yesterday you have these 
computing centers and they are all necessary on their own; is that 
correct ¢ 

Dr. Drypen. Yes. As you see, this project covers $350,000 for the 
equipment needed in connection with the direct-range operations. I 
believe it was mentioned yesterday that one of the computations that 
has to be made very quickly is the effect of the wind. A sounding 
balloon is sent up to measure the upper air winds and the trajectory 
has to be adjusted for the cross winds so that the instrument lands ina 
safe area and does not come down near ships or airplanes. 


EQUIPMENT MODERNIZATION 


Mr. Tuomas. Here is another item for Wallops Island, a new 


) 


launcher. We will insert pages 350, 351, and 352 in the record at this 
point. 
(The pages referred to follow:) 


EQUIPMENT MODERNIZATION 
1. Description 

An improvement in the technical capabilities of the Wallops Station is required 
in three equipment areas, as follows: 

Vehicle checkout equipment.—This portion of the project covers the procure- 
ment of equipment required in the testing of vehicles and their components prior 
to launching. The project includes the procurement of microwaves and VHF 
antenna pattern systems for radar beacon, telemeter, and destruct antenna meas- 
urements; the procurement of environmental test and checkout equipment for 
vehicles and their assoviated components; and the construction and outfitting of 
two shielded telemeter checkout rooms in existing buildings. 

Radio-frequency monitoring equipment.—Equipment is required to monitor, 
measure, and locate radio-frequency interference in the Wallops Station area. 
The equipment will consist of field strength and frequency meter covering a fre 
quency range from 30 cycles to 1,000 megacycles with recorders and fixed stations 
and van-type installations. Spectrum analyzers will be employed to cover a 
frequency range from 10 to 44,000 megacycles to allow spectral observations of 
pulse signal characteristics, frequency modulation identification, and the com- 
parison of two radio-frequency signals having similar frequency separation. 
Servo-operated directional antennas will be used to locate interference sources. 

Launching and handling equipment.—Additional equipment is required to 
prepare, transport, position, and launch the larger research vehicles which will 
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pe operational in 1961. The project includes a launcher and associated cabling, 
two umbilical towers, and mobile handling equipment. 


2, Justification 

Existing facilities at the Wallops Station were planned on the basis that all 
preliminary checkout, environmental tests, and antenna pattern measurements 
would be performed before the vehicle arrived at the Wallops Station for firing. 
Current planning, however, indicates that in several program areas vehicles 
will be shipped directly from contractors to the Wallops Station with payloads 
built by outside scientific groups who could not be expected to provide checkout 
facilities. It is necessary that provisions be made to properly test these vehicles 
and payloads. 

The number and variety of firings scheduled for the Wallops Station will inevi- 
tably result in radiofrequency interference. To prevent the loss of data or 
delays in firings resulting from such interference, equipment must be provided to 
pinpoint the source and characteristics of radiation interfering with electronic 
systems utilized for communications, launching, tracking, and data relaying 
functions. Monitoring of specific frequency bands is necessary to establish clear 
channels and to determine whether the Wallops Station’s operational frequency 
assignments and schedules are maintained within the specified limitations. 

The larger research vehicles scheduled for launching from Wallops Island by 
1961 will require additional equipment and facilities. The increase in size alone 
of the vehicles necessitates higher capacity handling equipment. Where possible, 
equipment will be secured that can be used for different-size stages. In some 
cases, equipment will have to be designed especially for a particular vehicle. 

Since the setup and checkout time in the launching area for a large research 
vehicle can run into weeks, the single Scout launcher will not be adequate for the 
Wallops Station schedule by 1962. An additional launcher of comparable size 
and capability will be needed for research vehicles using the larger rocket motors 
now available and under development. 

Recent developments have proven the need for umbilical towers to adequately 
handle and program the missile cable requirements during a countdown. The 
towers are not only necessary to properly handle the operation but are a vital 
necessity for adequate pad safety. 

Wallops will be scheduling more launchings during the hours of darkness. 
This is a requirement of many scientific experiments and is also dictated at times 
by range availability on long-range launches. An adequate night lighting system 
is a necessity for safe night operation. 


8. Cost estimate 
Vehicle checkout equipment Sass $800, 000 





Antenna pattern systems______- ; : pica Seandeied 90, 000 
Reliability test equipment sake 5 sd a eeceaned 290, 000 
Telemeter checkroom equipment.________ ; ‘ side eniis 50, 000 
Beacon test equipment_________ het etches isch das ceca wal gage 25, 000 
Destruct receiver test equipment = a = 15, 000 
Airframe and rocket inspection, alinement, and radiograph equip- 
ment ¢ ad chee ; és oes n ee ee 200, 000 
Construction of shielded telemeter checkrooms Sea 130, 000 
Radiofrequency monitoring equipment___..._._____ eee 130, 000 
Launching and handling equipment = 840, 000 
Launcher F : fh inrstiabasine pee citer et ae 308, 000 
Power and control cable________ | ns bee Saar s 9%, 000 


Night lighting equipment mS ; 105, 000 


Positioning trailers and adaptors ’ aE 156, 000 
Tug . been 8, 000 
Transportation trailers__________ patentee . Cad 11, 000 
Missile manipulator : : ane T5, 000 
Umbilical towers we 82, 000 

Total estimated cost 1, 740, 000 


4. Construction schedule 


Total estimated completion time, 12 months. 
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Mr. Tuomas. The total cost for equipment modernization is $1,- 
740,000. You say on page 350, 

An improvement in the technical capabilities of the Wallops Station is required 
in three equipment areas, as follows. 

And then you list vehicle checkout equipment, radio-frequency 
monitoring equipment and launching and handling equipment. 

You say at the bottom of the page, 

Existing facilities at the Wallops Station were planned on the basis that all 
preliminary checkout, environmental tests, and antenna pattern measurements 
would be performed before the vehicle arrived at the Wallops Station for firing. 
Current planning, however, indicates that in several program areas vehicles 
will be shipped directly from the contractors to the Wallops Station with pay- 
loads built by outside scientific groups who could not be expected to provide 
checkout facilities. It is necessary that provisions be made to properly test 
these vehicles and payloads. 

You have the same facility at Goddard also, do you not ? 

Dr. Drypen. No. This is the flight checkout, the same sort of thing 
done at Canaveral a few days before they fire a satellite. This refers 
to the checks made immediately before firing to see that everything 
is operating properly. 

Checks at Goddard are ones of durability; whether they will stand 
the vibration, temperature, and cold. 

Mr. THomas. You have some 15 items composing the $1,740,000. 

What is positioning trailers and adaptors in the amount of $156,0004 

Dr. Dryven. The larger rockets cannot be handled by hand but 
usually require a special trailer vehicle adapted to the particular 
missile. Wallops Island, of course, is doing on a small scale what 
you may have Reel at Canaveral where they use enormous trucks. 

Mr. Tuomas. These trailers are nothing but a bunch of welded 
pipes on wheels. 

Dr. Sttverstern. There will be two when we finish this purchase, 
We have one now. 

Mr. Tuomas. Where are these made? Are they fabricated in your 
shops? 

Dr. Strversrern. They are purchased. 

Mr. Toomas. Do you have a firm price on them ? 

Dr. Su.versrern. I think we probably have a fairly good price for 
the one we have. This is for the bigger vehicles like Scout. It goes 
along with the additional launcher. 

Mr. Tuomas. Are they 75 feet to 100 feet long? 

Dr. Sriverstetn. I would guess around 100 feet long just from 
looking at them—80 to 100 feet. 

Mr. Tuomas. The design is quite simple. The configuration is to 
fit the bird? 

Dr. Stiverstern. Yes, but the vehicle includes erection equipment. 

Mr. Tuomas. How do you arrive at this figure of $308,000 for your 
launcher ? 

Dr. Strverstern. We have one and this is a second. I think it is 
probably based on previous costs. 
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Mr. THomas. Was it built by your own laboratory on site? 
Dr. Sttverstern. No, sir, under contract. 
Dr. Drypven. It was built by Chance Vought in Texas. 


Jer Proputsion LABORATORY 
SALARIES AND EXPENSES 


Mr. THomas. We will now take up the Jet Propulsion Laboratory. 
Were you able to bring up the table for salaries and expenses for the 
laboratory ¢ 

Mr. Utmer. This table I have here indicates in 1961 JPL will be 
getting $62.6 million as their total budget ; $59.5 million coming from 
NASA and $3.3 million from Army Ordnance. Of that $62.6 mil- 
lion, tr sane $27 million covers salaries and some of the 
S. & E. costs we have been talking about. 

Mr. THomas. What is your total cost for JPL in 1959, 1960 and 
19612 You have a figure here of $57,633,000 for 1959; $57,468,000 
for 1960 and $62,600,000 for 1961. 

Dr. Drypen. That includes both NASA and Army costs. 

Mr. Tuomas. Is this all salaries and expenses ? 

Mr. UL “sang No, it includes R. & D. funds, all moneys being put 
into JPL by NASA and Army Ordnance, except construction funds. 

Mr. THomas. Where are your other objects? 

Mr. Umer. They are included in the figures I mentioned pre- 
viously, Mr. ‘Thomas. 

Mr. Tuomas. What do your other objects comprise ? 

Mr. Unmer. Travel costs, retirement benefits, overtime, printing, 
communications, and that type of thing. 

Mr. ‘THomas. Certainly you will not have other object costs of 

$16 million against a salary cost of $19,500,000 4 

Mr. Utmer. No. The $16 million is approximately equivalent to 
the 07, 08, and 09 costs under the “Research and development” ap- 
propriation in our budget. 

Mr. THomas. Where is the breakdown on that? What yardstick 
do you use? Whois your contractor? 

Dr. Drypen. California Institute of Technology is the contractor. 
They operate the Jet Propulsion Laboratory. They do not, of course, 
carry on their bookkeeping identical with Government bookkeeping. 
What has been attempted here is to show you the cost of the equiva- 
lent items. 

Mr. THomas. Do they have any limitations on pay schedules? Do 
they go by Government standards? 

Dr. Drypen. We have had our personnel division review the pay 
scales at JPL. With the exception of the few top positions which are 
well above Government pay scales, the general standard is fairly equiv- 
alent. The main difference is that their ceiling is higher. 

Mr. Tromas. There is no secret about this matter. We have asked 
you three times for some information on it and we have not gotten it 
yet. Can we expect it? 
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Dr. Drypven. This is the breakdown that you have asked for. 

Mr. Tuomas. This breakdown is just about as clear as the fog out- 
side. Does it include your construction money ? 

Dr. Drypen. No, sir. 

Mr. Tuomas. That is in addition to this $62,600,000, is it not? 

Mr. Utmer. Right. 

Mr. Tuomas. I hope you will take another try at it. 

Dr. Drypen. It is impossible to break it down in ex: ictly the same 

way as the Government does. This is a contractor who has a system 
of bookkeeping that is different. 

Mr. Tuomas. You are spending the taxpayers’ money, and we would 
like to know something about it. 

Dr. Drypen. So it is on any contract. I do not know that it has 
been the practice to try to get this kind of a breakdown for contrac- 
tors. We will try to get the information in as comparable form as 
possible. If there are specific items we will dig them out. 

Mr. Tuomas. Why is this a contract when you operate the other 
installations directly. 

Dr. Drypen. Because the JPL is a private organization operated 
by the California Institute of Technology. This group is the one 
which carried out the first satellite program in the United States as a 
contractor of the Army. 

Mr. Tuomas. Is this a private corporation 

Dr. Drypen. A private corporation. A university is the contractor. 

Mr. Tuomas. We would like to know exactly your yardstick. You 
say it is costing this year $62,600,000, and that is an inconclusive 
figure. You have another $10 million or $12 million to add to it for 
construction. 

Dr. Drypen. This was set forth separately. You asked for the ad- 
ditional figures. We have the breakdown by salaries and other objects. 

Mr. Tuomas. Who gets the title to the property ¢ 

Dr. Drypen. The property is owned by the Government. It is 
operated by the contractor. It is the same system used by the Army 
for 15 years. We have not changed the method of operation at all. 

Now the alternative that faced the new space agency was to disre- 
gard a group that had operated for 15 years, that was responsible for 
the first satellite built and put in orbit and say—we will not work 
under that system, we will organize a new laboratory. 

Mr. Tuomas. We are not arguing with you. Alli we want is a com- 
plete breakdown of the amount of money you are spending at the 
institution. If it is not a secret, we would like to have it. 

Dr. Drypen. It is not a secret. We can get a financial report from 
JPL. 

Mr. Tuomas. All right. This is the fourth time we have asked for 
it. 
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JET PROPULSION LABORATORY 


(Operated under NASA R. & D. Contract Nasw—6 with the California Institute 
of Technology, funded from the NASA research and development appropriation.) 


Analysis of JPL obligations in terms of NASA S. & E. and R. & D. appropriation 
classifications 


Fiscal year Fiscal year Fiscal year 
1959, com 1960, esti- 1961, esti- 
mitments mated mated 
I. SALARLES AND EXPENSES, TYPE COMMITMENTS 
Personal services 
Number of full-time employees (end of year 2, 680 2, 660 2, 400 
Average number of full-time employees 2, 399 2. 635 2, 488 
Annual cost: 
Full-time employees ececnat $14, 603, 962 $18, 425, 300 $20, 792, 400 
Intermittent employment 221, 900 254, 450 292, 600 
Overtime 1, 729, 715 2, 399, 250 | 1, 665, 000 
Other allowances ; 165, 115 221, 000 250, 000 
Total personal services. .......-- ‘ ts 16, 720, 692 21, 300, 000 23, 000, 000 
Travel oe 909, 579 1, 000, 000 1, 150, 000 
Transportation of things 31, 650 83. 000 100, 000 
Communications wie 287, 774 230, 000 230, 000 
Rents and utilities 
Electric power ‘ - 366, 311 480, 000 580, 000 
Other utilities 59, 221 59, 000 59, 000 
Rentals 556, 501 814, 600 796, 600 
Printing and reproduction : i 137, 496 240, 000 240, 000 
Other contractual services 249,114 335, 000 310, 000 
Taxes and assessments (FICA 269, 391 280, 000 320, 000 
Total salaries and expenses, type commitments ae 19, 587, 729 24, 821, 600 26, 785, 600 


Il. RESEARCH AND DEVELOPMENT ALLOCATIONS 


Support of plant i 1, 495. 426 1. 797. 000 1, 845, 000 
Direct program charges 36, 549, 445 30, 849, 400 33, 969, 400 
Total research and development -. ‘ 38, 044, 871 32, 646, 400 35, 814, 400 
JPL total operating budget 57, 632, 600 57. 468. 000 62, 600, 000 
Funding by source 
National Aeronautics and Space Administration 19, 886, 500 37, 968, 000 59, 300, 000 
Army Ordnance and others 37, 746, 100 19, 500, 000 3, 300, 000 
Total funding ; 57, 632, 600 57. 468. 000 62, 600, 000 





LAND ACQUISITION 


You have a piece of land here. We will insert page 354 of the jus- 
tifications in the record at this point. 
(The page referred to follows :) 
LAND ACQUISITION 
1. Description 
This project proposes the acquisition of 3.4 acres of privately owned land 
contiguous to the southwesterly boundary of the laboratory. The area 


is 
identified as zone IV in the site plan on the preceding page. 
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Justification 

The only other privately owned contiguous site is being rapidly developed 
and there is every reason to believe that zone IV will also undergo similar 
development unless the site is acquired. If this should happen, it will become 
almost impossible for the laboratory to extend its present area without excessive 
and prohibitive cost. Inasmuch as this area is the only privately owned land 
between the existing laboratory and the land owned by the city of Pasadena, 
its acquisition is considered to be a prudent and economical investment. It 
is proposed to locate the publications, library, and technical services building 
(funds for which are being requested in these estimates) in zone IV as indicated 
on the site plan. 


8. Cost estimate 
Total estimated cost, $60,000. 


Mr. Tuomas. Your justifications indicate that the cost may go up in 


the future and in the future you may need it and therefore you better 
buy it now. 


Dr. Drypen. I would say that the conditions on the site are very 
crowded. It cannot be expended beyond this 3.4 acres at any time. 

Mr. THomas. You picked a bad site to start with. 

Dr. Drypen. The site has been there for 15 years. It has an oper- 
ating laboratory and an operating organization. We could not lift 
it up and move it without an expense that would be very prohibitive. 


MopERNIZATION OF LABorRATORY FACILITIES 


Mr. Tuomas. We will take up modernization of laboratory facili- 
ties and insert pages 355, 358, and 363 in the record at this point. 
Also pages 365, 366, and 367. 

(The pages referred to follow :) 


MODERNIZATION OF LABORATORY FACILITIES 
1. Description 


This project proposes the modernization of a number of facilities to provide 
more effective and efficient laboratories and supporting facilities. Brief de 
scriptions and drawings of the proposed work follow : 

Space sciences laboratory.—lIt is proposed to construct a two-story frame and 
stucco building of approximately 16,000 square feet to house laboratories and 
offices for personnel who will be associated with the new Space Sciences Divi- 
sion. In addition to the office space for technical and administrative personnel, 
the building will provide laboratories for environment testing and for electronics 
and physics research and precision model shops. 

Addition to environmental test laboratory.—In the designing of space vehicles 
it is essential that an environmental test laboratory be available where condi- 
tions of outer space can be duplicated and where various components of the 
vehicles can be tested under these conditions. This project proposes the con- 
struction of a 5,000-square-foot addition to the environmental laboratory. The 
addition will contain offices for the technical and supporting personnel, and 
laboratories to house the following equipment: 

(a) Ultra-high-vacuum system for the simulation of space environments 
and the testing of guidance, propulsion, and communication system com- 
ponent parts. 

(b) An equalization noise chamber for the investigation of the effects of 
acoustical noise on vehicle structures, payloads, and guidance equipment 
during the launch phase. 
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(c) A control system for the automatic equalization of the random fre- 
quency vibration electromechanical exciter system now in use. 

(d) A test chamber in which the temperature can be varied from —100° F, 
to +300° F. with the provision necessary to facilitate vibration testing 
inside the chamber. 

Addition to engineering mechanics and design building.—This project proposes 
a one-story 8,000-square-foot addition to the existing engineering mechanics and 
design building. The addition will consist of a large briefing or conference 
room capable of accommodating approximately 500 persons, plus 2 smaller 
seminar rooms, restrooms, and a utility room. 

Materials research and processing facility—The construction of two labora- 
tory buildings is proposed to provide the facilities required to carry out support- 
ing research and advanced development work on materials for space vehicles. 
The research laboratory building will contain approximately 10,000 square feet 
and will be designed to house precision equipment of the type needed to study 
the behavior of materials at extremely high temperatures, such as those en- 
countered in rockets and under conditions of outer-space environment. The 
pbuilding will also contain offices for technical and supporting personnel. The 
processing laboratory will contain approximately 5,400 square feet and will be 
designed to house some of the fabrication and processing equipment needed to 
develop and test materials for space-vehicle applications. Approximately 1,000 
square feet will be assigned for chemical propulsion research and development. 

Publications, library, and technical services building.—This project proposes 
the construction of a 17,000-square-foot two-story building to house administra- 
tive groups. This building will contain the main library, the reproduction de- 
partment (blue-printing machines, printing presses, etc.), a vault, a TWX 
room, a central documents control room, a document film room, a photo depart- 
ment, editorial offices for the technical reports group, and general administrative 
offices. 

Addition to fabrication services building—This project proposes a 10,000- 
square-foot addition to the present fabrication services building. It will be of 
frame and stucco construction. It will be a two-story building with the lower 
floor devoted to heavy machine shop equipment, a tool crib, a precision in- 
strument and optical shop, and an optical precision assembly room. The 
second floor will contain the fabrication services offices, restrooms, locker room, 
inspection and bond room, light machine equipment room, tool crib, precision 
grinding room, stock-control room, and small room for storage of lightweight 
materials. 

Addition to administrative services building —An 8,000-square-foot third-floor 
addition to the present administrative services building is requred. The addi- 
tion will contain offices and restrooms and will provide additional work space for 
the purchasing, accounting, IBM, shipping, receiving, and property departments. 


2? Justification 


In general, the programs at the Jet Propulsion Laboratory have changed over 
a period of years. Since Sputnik I was launched, the laboratory has had a 
greatly expanded mission and has become involved in space probes. Under 
NASA, its mission has been concerned with lunar shots, and with guidance and 
communication systems. Its personnel growth has been rapid, and suitable 
buildings have not been constructed to keep pace with the increase in personnel. 
It has been necessary, therefore, to modernize existing facilities. In order to 
efficiently carry out the NASA programs it is necessary to continue the moderni- 
zation program, to add general purpose and specialized facilities, and to regroup 
functions into efficient working entities. 

Space sciences laboratory.—The conduct of the national space flight program 
by the NASA requires that the laboratory establish a Space Sciences Division, 
which will maintain close technical liaison with scientists and engineers at other 
NASA laboratories and research centers. A number of the payload elements 
earried aboard vehicles developed under the technical direction of the labora- 
tory may be parts of experiments sponsored by other organizations and built else 
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where. This division will have the responsibility for insuring that the con- 
struction of the payload elements meets flight criteria and that the equipment 
is properly integrated into the vehicle payload and the overall scientific mission. 
In order to carry out these objectives it is necessary to have this entire Division 
in one building with the proper provision for offices and laboratories 

The Division is intended to function at the international level in the conduct 
of its work. This means that the Division will always have working a number 
of foreign scientists who have not yet received security clearances. This is the 
basic reason for locating the proposed building outside the laboratory security 
fence. 

Addition to environmental test laboratory.—The reliability program of the 
laboratory is based on the philosophy of designing and testing to a _ verified 
safety margin. This can only be accomplished by means of comprehensive and 
integrated laboratory testing and use test techniques wherein equipment can 
be shown to operate satisfactorily under environmental conditions, both natural] 
and induced, at levels significantly in excess of those expected in actual flight 
use. To accomplish this, all critical environments must 
laboratory by the use of specially designed 
facilities. 


be simulated in the 
and constructed equipment and 
The laboratory has in the past maintained a leading position in the 
development of environmental design for typical guided missile environments 
and must now extend this capability to include the simulation of those condi- 
tions expected in deep space flight. 

Addition to engineering mechanics and design building In connection with 
its role in NASA projects, the laboratory’s work involves numerous conferences 
with NASA personnel, contractors, and subcontractors, and representatives of 
the national and international scientific community. Facilities are required for 
a large conference or briefing room in which to hold meetings of up to 500 persons, 

Vaterials research and processing facility.—The materials research and proe- 
essing laboratories will be used to house the present equipment and also equip 
ment for NASA-approved programs. This group has a great need for adequate 
housing in both offices and laboratories. These groups have had no increase in 
work space for the last 6 or 7 years 

Performance of existing vehicles is limited by the lack of knowledge of the 
properties of materials at very high temperatures. Laboratories are needed to 
permit study of the mechanical, thermal, and gas reaction properties of many 
different materials at 3500° to 6000° F. or higher. The approach to a solution 
of these problems will be from the standpoint of metallurgy and ceramics and 
also from that of solid state physics. Development and testing of improved 
materials will be carried out on many types of space-vehicle components. These 
will include rocket nozzles and other propulsion components, fuel tanks, and 
solid fuel rocket cases, and equipment to operate in the very high vacuum of 
outer space. Part of the work will be aimed at providing engineering data re 
quired to design advanced types of space vehicles 

Some of the present limitations in space vehicle systems concern guidance and 
communications. It is planned to work in the new laboratories toward the de 
velopment of solid state electronic devices which will permit considerable in- 
creases in sensitivity and range, together with major decreases in weight and 
size of space vehicle electronic devices and instruments for lunar and inter- 
planetary space exploration. 

Publications, library, and technical services building—This building is 
urgently needed to provide more space for the reports group and for related 
activities such as the reproduction photo departments. 

{ddition to fabrication services building.—The present fabrication services 
building is inadequate in size for the volume and variety of work that it must 
perform. The proposed new addition will also eliminate the air-conditioning 
problem that we encounter in the present building. No shop 
added to this building since 1953 in spite of an 
engineering design section for high precision work 

Addition to administrative services building In the present administrative 
services building the personnel in the Accounting and Purchasing Department 
are provided with only 35 to 40 square feet per person: this far below any 
accepted standards. The operations are at present scattered in several build- 
ings and the new addition will permit the consolidation of all related 
one building. 
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8. Cost estimate 
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4. Construction schedule 

Total estimated completion time, 16 months. 

Mr. Tomas. You say on page 363: 

The conduct of the national space flight program by the NASA requires that 
the laboratory establish a space sciences division which will maintain close 
technical liaison with scientists and engineers at other NASA laboratories and 
research centers. A number of the payload elements carried aboard vehicles 
developed under the technical direction of the laboratory may be parts of experi- 
ments sponsored by other organizations and built elsewhere. This Division will 
have the responsibility for insuring that the construction of the payload elements 
meets flight criteria and that the equipment is properly integrated into the ve- 
hicle payload and the overall scientific mission. In order to carry out these 
objectives it is necessary to have this entire Division in one building with the 
proper provision for offices and laboratories. 

What is this building going to cost ? 

Dr. Drypen. $500,000. 

Mr. THomas. How large is it going to be? How many square feet ¢ 

Dr. Drypen. 16,000 square feet ; $22.50 per square foot. 

Mr. THomas. What will it have? 

Dr. Drypen. The building itself is $360,000, which when divided by 
16 gives $22.50. There is $40,000 for utilities; $50,000 for electronic 
equipment: $50,000 for chemical equipment in the building. 

Mr. Trromas. Will there be anything here besides the laboratory ? 
Will there be a cafeteria? 

Dr. Drypex. Nothing of the kind. 

Mr. Tomas. What about a library ? 

Dr. Drypen. The library is shown as one large room. 
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Mr. Tuomas. How much is this building going to cost? 

Dr. Drypen. $360,000 at $22.50 per square foot. The cost of build- 
ings in California is considerably less than elsewhere because of the 
climatic conditions. 

Mr. Tuomas. How much is the building a square foot? 

Dr. Drypen. $22.50. 

Mr. Tuomas. How many square feet ? 

Dr. Dryven. 16,000. 

Mr. Tuomas. How necessary is this? 

Dr. Drypen. I am sorry we took back the photograph of the site. 
I think if you looked at the site and the w ay it has been developed 
you would see the necessity of doing some rearrangement of things 
generally. This brings together activities that are scattered all over 
the whole reservation. 

Mr. Tuomas. Addition to engineering, mechanics, and design build- 
ing, $200,000. The building cost is $170,000. ; 

Dr. Drypen. 8,000 square feet, $22 per square foot. 

Mr. Tuomas. Utilities, $20,000. This is just an addition to an 
existing building? 

Dr. Drypen. That is correct. 

Mr. Tuomas. What will be the type of construction here—brick? 

Dr. Drypnen. No. 

Mr. Tuomas. Reinforced concrete and steel, or what? 

Dr. Drypen. Frame and stucco. 

Mr. Ruoprs. How much a square foot ? 

Mr. Tuomas. $22. 

Mr. Ruopes. For frame and stucco? What else do you put in it, 
gold? 

Dr. Drypen. No. 

Mr. Ruopes. Mr. Chairman, really, I do not know too much about 
construction in the western part of the United States, but that is 
awfully high for a frame-and-stucco job. 

Mr. Jonas. That is the cheapest building in the program. 

Mr. Ruopes. The doctor said that you could build buildings cheaper 
in California. I think you can, but I think you can build them 
cheaper than $22 a square foot. 

Mr. Horner. Most of these buildings have some heavy equipment 
in them. The frame is steel, and the floors have to be stressed. They 
run higher than the normal frame and stucco structure that. is used 
for a residence, and light industry. 

Mr. Tuomas. That is only in your floors, though. 

Mr. Horner. Usually also in the roofs. 

Mr. Tromas. What about your materials and research processing 
facility, $500,000. You have a building here, $405,000. How much 
is it a square foot? 

Dr. Drypen. 15,400 square feet at $26.25 per square foot. 

Mr. Tuomas. You also have utilities at $45,000 and research equip- 
ment. at $50,000. 

What type of equipment is this? 

Dr. Drypen. Iam not myself familiar with this. 

Dr. Sriverstern. It is some of the small processing equipment used 
in handling materials—the rollers, dies, and test. machines. 

Mr. Tuomas. Here is an addition to your administrative service 
building in the amount of $160,000. 
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How many square feet are involved in this building? 
Mr. Utmer. 8,000 square feet at $20 per square foot. 


DESIGN AND CONSTRUCTION PROCEDURES 


Mr. Ruopes. Mr. Chairman, have we determined whether these 
buildings are built according to competitive prices or competitive bids 

or whether they are negotiated bids? 

Dr. Drypen. Yes, sir; they are on a competitive basis. I think 
these are handled through the Corps of Engineers. 

Mr. Horner. Most of the construction at this laboratory has been 
handled by the Corps of Engineers. 

Mr. Botan. How often do you utilize either the Corps of Engi- 
neers or the Bureau of Yards and Docks for assistance in this con- 
struction field ? 

Dr. Drypen. In this particular case this was an Army laboratory 
on which the construction was done by the Corps of Engineers and 
that method has been continued in the transition period. 

Mr. Botanp. What is the situation with reference to some of the 
new construction ? 

Dr. Drypen. With reference to the new construction in the last yea 
or two, many of these items were in the Army development programs 
for the fae ility. 

Mr. Botanp. And they have continued to utilize the construction 
agency of the Army / 

Dr. Drypen. Yes, sir. 

Mr. Tuomas. Who developed these cost figures ? 

Dr. Drypen. They were developed at the JPL. We can ask Dr. 
Pickering specifically this afternoon about that. I am not sure 
whether the ¢ ‘orps of E ngineers did all of it. 

Mr. Horner. The selection of the construction agency is dependent 
upon the location of the construction. 

Mr. Tromas. This is an exception to the rule, where you use the 
Corps of Engineers to do your construction, and the reason you do 
it here was because this was a takeover from the Army ? 

Mr. Horner. This has also been the practice, Mr. Chairman, at the 
Atlantic Missile Range where we have some $26 million worth of con- 
struction, and at Huntsville. 

Dr. Drypen. In the past we have used the Corps of Engineers, but 
we have not made a commitment that we will always use them in the 
construction that is shown on this chart. 

Mr. Botanp. Would it not be wise to use one of the construction 
agencies of the Federal Government? Do you not think it would be 
a wise idea to dothat ? 

Dr. Drypen. We have found in the past over long years that. they 
are very useful in building the ordinary type of construction. In the 
construction of wind tunnels and other special equipment we have 
found it much more advantageous and much less expensive to do it 
with ourselves, so to speak, as the general contractor. It is because 
we have on our staff the people with experience and background in 
this specialized construction. So, I would say that in the case of 
nonspecialized construction we have used them and in the case of spec- 
ialized construction we have not. Some of the facilities here are 
ordinary buildings and others are specialized facilities. 
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Mr. Srerert. Might I add this? There are exceptions to this, 
The Corps of Engineers of the Army has acquired probably the best 
competence in the country in terms of supervising the construction of 
the sort that goes into launching pads and the like, and in that kind of 
situation we would deal comple tely with the Corps of Engineers. Our 
understanding with them is that we would deal with them in the-areas 
of their competence, but the only thing we reserve is to be sure that 
we are getting the best deal we can from them, because we are not 
their priority customers. As long as they can actually give us the 
kind of service we want at a reasonable cost and within an assured time 
schedule, we are happy to deal with them. 

Mr. Tuomas. Where do your overall construction people come into 
the picture? You farm some of this out to the Corps of Engineers 
and some is done on competitive bids. 

Where does this overall contractor come in? 

Mr. Srerert. Competitive bidding is used in all cases. The people 
on our staff are the ones who say what we want. The ‘vy do what you 
might call the kind of directing you see here as to what kind of build- 
ing we need and how much space and what kind of laboratories we 
would need, and then we will proceed from this to a competitive bid 
contract and our people will be used as inspectors. This is the fune- 
tion of the construction people on our staff which programs the engi- 
neering of the many things connected with our test activities. 

Mr. Tomas. Where does your general contractor fit into the pic- 
ture ? 

Mr. Srerert. The general contractor does the detailed plans in 
cases where there is not a separate architect-engineer, and he com- 
pletes the detailed plans approval and then he carries out the 
construction. 

Mr. Tuomas. Does he have the absolute say as to the method of 
construction? By that I mean, whether he lets _— out on competi- 
tive bid or whether he checks the subcontractors, or just how does 
he function ? 

Mr. Srerert. The general contractor is a man who submits the 
competitive bid and it will be based, of course, on the subcontracting 
system. 

Mr. Tuomas. What do you mean when you say he submits it ? 

Mr. Sterert. He submits it to NASA. 

Mr. Tuomas. You first go to your general contractor and say you 
want Projects A, B,C, D, and E? 

Mr. Srepert. That is right. 

Mr. THomas. That is, at a certain time? 

Mr. Sterert. Yes, sir; and then we have the general specifications. 

Mr. THomas. What does he do from there on ? 

Mr. Horner. We do not usually hire the general contractor for 
more than one facility, Mr. Chairman. The general contractor is 
selected by competitive bid. In the process of selection the determi- 
nation is made as to the degree of responsibility he bears in selecting 
subcontractors for utility installations in this kind of thing. 
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Mr. Tuomas. Does he have the absolute say with reference to the 
subcontractors ¢ 

Mr. Horner. No, sir. 

Mr. Tuomas. Does he do it for you? 

Mr. Horner. The subcontractors have to be approv ed by NASA. 

Dr. Drypen. The normal case in a major project, certainly, is to 
have an architectural engineer under a separate contract to prepare 
the detailed drawings and specifications which you put out for com- 
petitive bids to general contractors. This is the normal case. 

Mr. Tuomas. We attempted to go into your tracking system yester- 
day and you were not able to tell us anything about: it. 

Dr. Drypen. That was not a normal construction contract. It was 
primarily 1 radar equipment with a few small buildings thrown in; it 
includes site preparation in countries all over the world. 

Mr. Tuomas. When we get to it, are you prepared to give us a de- 
tailed breakdown on it? You were not able to do that yesterday. 

Dr. Dryven. Again, we can give you all of the contract documents. 

Mr. THomas. In the first place, you did not know how many stations 
you had even in the United States and who your contractor was as 
well as what yardstick you used to pay him. 

Dr. Drypen. This is being prepared ? 

Mr. Botanp. How much of a construction branch do you have? 
How many people are in your construction branch in NASA? 

Dr. DrypeN. We could go to the staff charts. It is shown on the 
laboratory sta ff. 

Mr. Unmer. Each laboratory has a construction staff which per- 
forms not only this work but the regular work involved in minor con- 
struction and in modifying fac ‘ilities to meet research program re- 
quirements. 

Mr. Botanp. This is the fixed plant? 

Mr. Utmer. Yes. The same group does both jobs. They do the 
engineering where a minor construction project is involved or where 
a major one is involved. I would say a rough guess would be 70 or 
80 people at a major installation. 

Mr. Horner. We have at the headquarters one facility staff man 
who is responsible for coordinating our facilities program. 

Mr. Botanp. He has quite a job. 

Mr. Horner. He does not get involved in the details. 

Mr. Tuomas. He is just a policy man. 


Sortip Propetnanr Facrurry 


Mr. Tuomas. At this point in the record we shall insert pages 368, 
370, 371, and 372 of the justifications. 
(The pages referred to follow :) 


SoLip PROPELLANT FACILITY 
Description 


It is proposed that a complex of buildings be constructed to house the solid 
propellant rockets and solid propellant chemistry sections. The buildings will be 
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designed to process hazardous materials in quantities the laboratory cannot 
process in its present installations. All buildings will be designed to operate 
remotely, if necessary, keeping the safety of the personnel foremost. 

Oxidizer process buildings will be arranged to blend, dry, and grind hazardous 
materials in a safe and efficient manner. Included in this complex are remote 
controled propellant mixing and casting buildings which will be designed and 
geographically located so as to be in accordance with ordnance safety manual 
requirements. The completed solid propellant will be processed in a remotely 
controlled preparation building and subsequently transported to storage bays for 
conditioning before static firing. Also included are a group of hazardous storage 
magazines with a capacity great enough to accommodate a reasonable pro- 
pellant development program. A solid propellant process laboratory will be 
constructed to test physical properties, burning rates, analyze oxidizer particle 
size, impact sensitivity, and auto ignition of new propellants. Staff labs, chem- 
istry labs, and shops will be provided to support the varied activities of this 
building. 

The plot plan on the following page indicates the location of the buildings 
proposed for construction under this project. 

Cure building.—The cure building will consist of one building with three earth- 
covered reinforced concrete cells, providing controlled temperature from ambient 
to 200° F. for curing and conditioning solid propellants. 

Storage and conditioning magazines.—This building will consist of one build- 
ing with 27 earth-covered reinforced concrete cells to provide controlled tem- 
peratures from —S80° to +200° F. for the storage and conditioning of solid 
propellants. 

Blender and drying buildings.—Five separate buildings will be constructed. 
Three will house different types of oxidizer grinders, one will house blender dryer 
equipment to process oxidizers, and the fifth will house the control center from 
which all operations will be conducted remotely 

Storage and conditioning building—This building will contain nine earth- 
eovered reinforced concrete cells and will provide controlled temperature from 
ambient to 200° F. for the storage and conditioning of solid propellants. 

Mixer buildings.—A total of five buildings will be constructed: three will 
contain three bays with 200 pounds capacity each. The fourth building, a cast- 
ing bay, will service all mix bays. The fifth building will contain a control 
center from which all operations will be conducted remotely. 

Charge preparation buildings.—Three separate buildings for the preparation 
of completed solid propellent charges will be provided. One building will pro- 
vide an area for X-ray and visual inspection of solid propellent charges; the 
second building will provide space for the preparation of completed solid pro- 
pellent charges; and the third building will house a lathe, mill, reamer, and 
vacuum recovery system for machining solid propellent charges. 

2. Justification 

The jet propulsion laboratory was established before safety codes dealing with 
solid rocket propellents were available. Subsequent safety code standards 
have made most of the solid rocket test facilities at the laboratory nonconform- 
ing. At the present time, all but 20 of the 100 facilities on the laboratory site 
are operating under waivers. These waivers make it impossible to modify any 
existing facilities to meet the changing program needs and thus severely restrict 
the potential growth of the solid propellent effort at the laboratory. The re 
cently acquired 60-acre site has now permitted the relocation of several solid 
propellent facilities and associated equipment to a location where required 
safety code standards can be met. This project provides further relocation of 
additional solid propellent facilities. 
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3. Cost estimate 
Cure building 
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5. Construction schedule 


Total estimated completion time, 16 months. 
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Mr. Tuomas. This still has to do with the JPL laboratory. This 
is the solid propellant facility. Your justifications state: 

It is proposed that a complex of buildings be constructed to house the solid 
propellent rockets and solid propellent chemistry sections. The buildings will be 
designed to process hazardous materials in quantities the laboratory cannot 
process in its present installations. All buildings will be designed to operate 
remotely, if necessary, keeping the safety of the personnel foremost. 

A solid propellent process laboratory will be constructed to test physical prop- 
erties, burning rates, analyze oxidizer particle size, impact sensitivity, and auto- 
ignition of new propellants. Staffs labs, chemistry labs, and shops will be pro- 
vided to support the varied activities of this building. 

The jet propulsion laboratory was established before safety codes dealing with 
solid rocket propellants were available. Subsequent safety code standards have 
not made most of the solid rocket test facilities at the laboratory nonconforming, 
At the present time, all but 20 of the 100 facilities on the laboratory site are 
operating under waivers. 


Well, you knew that when you took it over. 

Dr. Drypen. We did. 

Mr. Tuomas. You further state as follows: 

These waivers make it impossible to modify any existing facilities to meet 
the changing program needs and thus severely restrict the potential growth of 
the solid propellent effort at the laboratory. 

You knew that also when you took it over? 

Dr. Drypen. We did and we knew also that the Army planned this 
facility. 

Mr. Tuomas. You further state as follows: 

The recently acquired 60-acre site has now permitted the relocation of several 
solid propellent facilities and associated equipment to a location where required 
safety code standards can be met. This project provides further relocation of 
additional solid propellent facilities. 

Dr. Drypen. May I remark, Mr. Chairman, that this laboratory 
was responsible for the development of the first JATO assist takeoff 
rockets for airplanes, supported at that time by General Arnold, and 
they are one of the small groups doing research in solid propellants. 
This laboratory was built before anyone knew anything about solid 
propellent rockets and there were few safety provisions provided. 

At the time we took this over the Army had this modernization 
plan underway. If you will look at the drawing, which is shown 
there, this project involves a lot of small buildings. 

Mr. Tuomas. I am not sure the Army ever won any laurels for 
using good judgment on most of their construction programs. 

Dr. Drypen. I am simply saying that this situation was realized 
before we took it over and it was a certain situation that we could 
not live with as a responsible organization. You will see that these 
facilities are bunkers and buildings where you mix things, set apart 
in gullies up on the hillside with bunkers between the buildings. 

Mr. Tuomas. What we are immediately concerned with are these 
cost items which involves buildings, buildings, buildings. 

Dr. Drypen. There is $1,954,000 involved in this program. 

Mr. Tuomas. Here are about six buildings. How firm are these 
cost figures and who made them? 

Dr. Drypen. These are made by the groups at the laboratory. I 
do not know the - ict basis. 

Mr. Tuomas. I do not have the total figure here for all of your 
construction at the laboratory this year. What is it? Is it $9.5 
million ? 
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Mr. Utmer. We have $5 million in this estimate and we are proceed- 
ing with construction totaling a little over $7 million that you gave 
us in 1960. If you could turn for a moment to the chart on page 

Mr. THomas. What is the total in the budget this year? 

Mr. Utmer. About $5 million. 

Mr. THomas. And, you are now in the process of either obligating 
or spending on construction the $7 million for last year? 

Mr. Utmer. Yes, sir; that is right. 

Mr. Tuomas. So, for construction you have $12 million in the lab- 
oratory since you have been there / 

Mr. Umer. Yes, sir. 

Mr. Tuomas. Is that the end of it—of the construction program ¢ 

Dr. Drypen. I would expect at any of our laboratories there will 
be a continuing need for modernization and improvement in order 
to keep up with this art, at some level based on a percentage of gross 
plant value. Many numbers have been quoted, but the general order 
of magnitude that we have been carrying for a number of years is 
wobably what it will be. This program “does not stop. You do not 
stand still. This is true in any industrial plant as well as in a Gov- 
ernment plant in a highly technological field. So, I would be wrong 
if I said that expenditures for building—capital expenditures—stop. 
I could not tell you what the items would be even next year. I do not 
know at this time. 





Liqguip PropeLLent Test Cein 


Mr. Trromas. Next is your “Liquid propellent test cell.” 

At this point in the record we shall insert pages 373 and 375 of the 
justifications, 

(The pages referred to follow :) 


LIQUID PROPELLENT TEST CELI 
1. Description 


Liquid propellent test cells.—This facility consists of three liquid propellent 
engine test cells, each capable of accommodating two motor mounts for research 
investigations of combustion, heat transfer, and engine systems. Buildings will 
be constructed of reinforced concrete with 800 square feet of area in each build- 
ing. A sketch of a typical cell is shown on the following page. 

Control building.—The control building will be used for remote operation 
and control of the test cells, and will require air conditioning. In addition, the 
building will be used for rocket-engine assembly and repair. It will be of frame 
stucco construction providing about 1,050 square feet of area, 

Ready storage.—Three separate propellent ready-storage docks will be pro- 
vided. 

Equipmnt.—Instrumentation, engine controls, propellent tanks and transfer 
system, sound suppression equipment, a supersonic diffuser for engine testing, 
and a nitrogen system will be provided. 


2. Justification 


The jet propulsion was established before safety codes dealing with liquid 
propellent rockets were available. Subsequent safety code standards have made 
most of the liquid propellent rockets test facilities at the laboratory noncon- 
forming. At the present time, all but 20 of the 100 facilities on the laboratory 
site are operating under waivers. These waivers make it impossible to modify 
any existing facilities to meet the changing program needs and thus severely 
restrict the potential growth of the liquid propellent effort at the laboratory. 
A part of the liquid propellent facilities of the laboratory are being moved into 
a newly acquired 60-acre site on which safety standards can be met. This 
project will complete the move of the liquid propellent facilities and thereby 
eliminate the waivers of the ordnance safety manual under which the liquid 
propellent section is now operating. 
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4. Construction schedule 


Total estimated completion time, 10 months. 


Mr. Tuomas. This involves a total cost of $500,000 with a lead- 
time of 10 months. 

You have listed here a building in the amount of $190,000. 

Your justifications state as follows: 

This facility consists of three liquid propellant engine test cells, each capable 
of accommodating two motor mounts for research investigations of combustion, 
heat transfer, and engine systems. suildings will be constructed of reinforced 
concrete with 800 square feet of area in each building. 

How many buildings are there? Is that No. 3? 

Dr. Drypven. I would not call this a building myself. If you will 
look at the diagram, you will see that it is a large amount of reinforced 
concrete to isolate propellent tanks from test cells. 

Mr. Tuomas. How many square feet are in it? I believe it is 800 
square feet at a cost of $190,000. 

How much is that a square foot ¢ 

Dr. Drypen. There are three test cells at $43,000, a contro] room at 
$91,000, three docks at $15,000 and utilities at $25.000. The whole 
installation totals $190,000. The square footage of a structure like 
that does not have very much significance. 

Mr. Tuomas. That is the smallest part of it. 

Dr. Drypen. What you are doing is protecting against explosion 
hazards by having enough concrete between the rocket you are testing 
and the people in ‘order to protect them. 

Mr. Tuomas. What we were talking about is the cost per square 
foot of your concrete structure. 

If I were working with those explosives, I would want it pretty 
thick myself. 

I am just trying to find out what the cost is. 

Mr. Umer. The square-foot cost comes to a little over $50. 

Mr. Tuomas. $50 a square foot ? 

Mr. Uvaer. Yes, sir. 
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Mr. Tuomas. Its walls must be thicker than those that you have at 
the Atomic Energy Laboratory. Some of those are 214 or 3 feet 
thick. 

Dr. Drypen. They are approximately 3 feet thick. 

Mr. Umer. Plus the fact that the ceiling is concrete. 

Dr. Drypen. The ceiling looks like about 2 feet thick. 

Mr. Tuomas. At $50 a square foot that is expensive concrete pour- 
ing. 

Dr. Dryven. It is reinforced concrete. It is heavily reinforced. 

Mr. Tuomas. You could have a lot of steel in there for $50 a square 
foot. 

Dr. Drypen. There is one small item in JPL, Mr. Chairman, of 
$150,000 in addition to this. 

Mr. Jonas. Is that the antenna range? 

Dr. Drypen. Yes, sir. 


Hountsvitte Facmiry 


Mr. Tuomas. Let us take a look at your Huntsville operations. 

General Osrranper. Mr. Chairman, if I may, I would like to make 
sort of a general statement here on both the Huntsville facility and 
the Army facility. 

Mr. Tuomas. We will be delighted to hear you, and in your state- 
ment—I have written down here “Why all this construction when 
the Army is out of the space business ?”—tell us why the Army can- 
not vacate this facility and turn it over to you instead of your going 
in there and duplicating facility after facility. 

Have you been to the Bureau of the Budget and asked them to work 
out this? 

Dr. Drypren. Yes, sir. 

Mr. Tuomas. We have an idea it might be well to go back and 
consult them again. 

You are spending here $26,750,000 and it looks like to me that at 
least one-third or one-half of this could be cut down. If the Army 
were in the space business, that would be one thing, but they are out 
of the space business. 

Dr. Drypen. The greater part of this is for facilities in connection 
with our SATURN program. 

This whole transfer plan was reviewed by the Bureau of the Budget 
as well as by the various levels on the Department of Defense. 

I think, perhaps, what you are referring to- 

Mr. Tuomas. With all the installations which the Army has scat- 
tered al] over the country, why can they not vacate this facility? If 
they were in the space business it would be something else, but they 
are out of the space business. 

Dr. Drypen. There are two Army buildings which are not. con- 
nected directly with space activities. One in the administration 
building. 

Mr. Tuomas. Do you have to build a new administration building? 

Dr. Dryven. This I want to discuss with you. As I say, there are 
two buildings not connected with space—an administration building 
and a computer building. 








374 


The Army has had in its construction program for some time q 
need for addition: ul administrative space. I do not know where it 
stands in their program. 

They also have a continuing requirement for a computer facility 
for some of their inventory control throughout the country. F 

The agreement that was reached was that we would continue to 
occupy space in the ABMA administration building until some other 
solution could be worked out, and that we would take up with the 
Bureau of the Budget the construction of our own central laboratory 
and office building in the NASA budget. 

The Army agreed that they would take up in their budget the 
construction of the computer building. These are the only two 
buildings for which it was impossible to make a clean division between 
the Army functions and those being transferred to NASA. Since 
these two buildings are not specifically for space work the Army 
felt that they could | not surrender the title. They will surrender the 
title to the computer building but retain the title to the administration 
building. 

That is a simple statement of the situation. 

Mr. Tuomas. If they can’t surrender the title, what difference 
does it make where the title is? It is a question of occupancy and 
use, 

Dr. Drypen. They said they could not surrender the use of this 
building and that they would have to provide space to carry on their 
continuing activities and continuing responsibilities in the missile 
field. 

I, myself, was not. directly involved in these negotiations. 

I do not know whether Mr. Siepert wishes to say something more 
about. this. 

Mr. Tromas. It looks like to me that the taxpayers could well 
afford to ask you people to go back to the Bureau of the Budget and 
let the Bureau of the Budget. take another look at this thing. 

We do not expect the Army to give up anything. That is not 
their policy. 

Dr. Drynen. I think the Government. will build two more build- 
ings eventually whether they are in the military budget or in our 
budget, and it depends on the result of how things come out here. 

Mr. Rropes. What facilities does the Army need at Huntsville! 

Dr. Drypen. Well, if you will look at the plot plan, they are giv- 
ing up all the buildings of the Development Operations Division 
the laboratories that were occupied by the scientists and the facilities 
that are being used in the construction of SATURN as well as the 
test stands. 

They have retained all of the buildings occupied by their rocket 
branch in the missile business. and they have the Redstone Arsenal 
facilities. There are 20,000-and-some- ‘odd people at the Redstone 
Arsenal, and we took only 5,500 of them. So, there are 17,000 Army 
people left at the Redstone Arsenal. 

Their responsibilities have to do with the shorter range missiles 
and the rocket weaponry of the Army. The headquarters of their 
ABMA missile center is located there under General Bare ‘lay. Gen- 
eral Barclay and his staff are in this administration building. Dr. 
von Braun shares some space in the building. 
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We have an agreement that will continue until there is a solu- 
tion to this building question of whether or not the Army builds a 
building or NASA builds a building. 

Mr. Tuomas. Why do you have to have a computer separate from 
the Army? Why can you not use the same computer / 

Dr. Drypen. They have a demand for almost full-time use in con- 
trolling their military weapons inventory. It is not the same type of 
use as ours at all. They must have under Army control a means of 
handling inventories of their missile stocks throughout the arsenals. 
This is the headquarters, as I understand it, for that inventory 
control. 

Our use of the computers, as stated the other day, is in connection 
with the design of vehicles, for the computation of orbits and re- 
quirements for launching. Computation facilities for this sort of 
work must be under NASA control. For example, any of these 
launchings toward the moon have to be figured out for the day and 
year that the flight is going to be made. You cannot compute it 
once and for all. 

Mr. Tuomas. Is this the only computer you will have in your 
shop? 

Dr. Dryven. Not at all. This is the one connected with the vehicle 
design and trajectory. This one happens to be the biggest installa- 
tion. At Goddard is one which will come fairly close to it in size but 
designed for reduction of the large amount of data obtained from 
the tracking and telemetry network. 

Mr. Tuomas. Every installation has its own computer ? 

Mr. Horner. Computers are very much like slide rules. Every 
engineer has a slide rule and every major installation doing scientific 
work has to have a computer facility of some kind, or it is just a waste 
of time. 

Mr. Ruopes. The only trouble is that computers cost more than 
slide rules. 

Mr. Horner. They do, sir. 

Mr. Ruopes. I would be glad to buy every engineer a slide rule if 
if we could avoid this cost. 

Dr, Drypen. A trajectory computation which would take a group 
of people a year to do in the old days can be ground out now in about 
5 minutes. This is the difference. 

Mr. Horner. I think the important thing to recognize at: Hunts- 
ville is that the assimilation of that group into the space business has 
resulted in a net increase of work at Huntsville. It is going to re- 
quire more people and more facilities than the work which is being 
carried out by these people at the rate of $70 million this current 
fiscal year. The proposal that we have in this budget request is for 
$230 million level of effort there. a growth of three times the level 
of effort in the SATURN. development. 

General Osrranper. All of these facilities, both at Huntsville and 
at the Atlantic Missile Range, with the exception of the one that Dr. 
Dryden mentioned, are a direct outgrowth of the proposed expediting 
of the SATURN program which is contained in the President’s re- 
quest to Congress for the additional $113 million. 

The Army had already budgeted, or had proposed to budget, some 
$13 million of these facilities, based upon the previous SATURN 
schedule. 
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In the new schedule what we are doing is speeding this up by ap- 
proximately 1 year. This means that we can get to a firing rate— 
construction and firing rate—of the booster of some six per year in 
1964 and 1965 rather than in 1966. 

Dr. von Braun is actually building these first-stage boosters that I 
mentioned yesterday in his facilities at Huntsv ille. He also has to 
static test them there and he also has to fire them at the Atlantic 
Missile Range. 

This is purely a question of physical space and test and launching 
facilities as a result of this increased schedule. 

Mr. Tuomas. We are talking about your construction. 

You have as well as I remember almost 200 buildin gs out there— 
150 or 200—on that tremendous complex. 

The Army is out of the space business. This comes easy and it 
goes easy. Of course, the Army is not going to give up anything, 
That is traditional with them. 

Why go and spend all of this $26,750,000 for new construction 
when it looks like to me that some arrangement could be made 
through the Bureau of the Budget. The Bureau of the Budget is 
going to have to lay down the policy here. 

At least half of this $26,750,000 for construction could be saved. 

We shall insert into the record at this point the table with ref- 
erence to the Huntsville projects. 

(The table referred to follows :) 

NASA Huntsville facility (Huntsville, Ala.) ~~ isaac lam'ane css vA 


ae ees ee RCNNRE i cctsojaieen spin. as 
Central laboratory and office facility______.____- Sea aaa 


eet 4, 400, 000 
Ne ct ge eke csennercs crema teed 600, 000 
i chewable ulepdatsigadaneiemncercarcnsbere 650, 000 
Extension to assembly building__..._______________-_ =... 2, 600/000 
Addition to engineering building__....._____________________ 1, 137, 000 
Completion of guidance and control building _...._.____________ 1, 948, 000 
Againon to Tabrication iaboratory...._..._.................... a 215, 000 
Senne Onn, 00 UR he hehe wiht eeswenshainds 4, 500, 000 


Dr. Drypen. What you have said has no application whatever to 
SATURN static test facilities or to the dynamic test. facilities. 

The additions to several of the other buildings are simply to pro- 
vide the space to accelerate the work on SATURN. 

Mr. Tuomas. But you took over a good many buildings down there 
for maintenance which they do not need and certainly some of them 
could be used for this purpose. 

Dr. Drynen. Not at all: not a single one. 

General Ostranprr. It is a matter of sheer size. Take for example, 
this complex of buildings which includes the assembly building, the 
fabrication laboratory, the checkout building, and so forth. We have 
to build and assemble these SATURN vehicles which are some 21 
feet in diameter and which go out to 200 feet long when assembled. 

There are other buildings on the installation but they simply are 
not large enough physically to accommodate the physical construc- 
tion and assembly of these vehicles. 

Mr. Srepert. I might say this: The facilities that Dr. von Braun 
has been using for his technical operations, each and every one of these 
have been turned over to NASA. The Army has not held any of these. 
The thing we find, however, is that these facilities were those which 
the Army created for Dr. von Braun in order for him to build 





377 


specifically the REDSTONE, the JUPITER, and the PERSHING 
missile systems. ‘These are midgets compared to the SATURN booster 
program. 

With respect to the Army’s continuing use of those buildings, that 
is, those buildings which they did not give us, there is literally only 
one and that calls for joint interim occupancy of the Central ABMA 
Headquarters. 


CENTRAL LABORATORY AND OFFICE FACILITY 


Mr. Tuomas. Let us start out with this new Headquarters Building 
of 205,000 square feet. What is that going to cost? 

Dr. Drypven. $4,400,000. 

Mr. Tuomas. Your justification states that the facility will house 
a cafeteria, a library, a small auditorium, a conference room, and 
equipment rooms for specialized computing equipment. 

What is the cost of this building ¢ 

General Osrranver. This is the building that Dr. Dryden was talk- 
ing about which would make provision for Dr. von Braun’s immediate 
headquarters staff and three of his laboratories which are currently 
housed in the headquarters of the Army Ballistic Missile Agency. 

Mr. Tuomas. Is this the figure you use of $4,400,000? 

Dr. Drypen. That is the total cost, yes, sir. 

Mr. Sievert. This is $17 a foot for the construction of the building. 

Mr. THomas. You have a nice, big buiiding there now at your head- 
quarters, do you not ? 

Dr. Drypen. But, the Army says it will continue to need that. 

Mr. Stererr. The Army will be continuing to have responsibility, 
and I believe their figures are for between $1.5 and $2 billion worth of 
development and procurement business in the missile field, all based 
on ABMA, and they will recreate the Ballistic Missile Agency in a 
way to take over responsibility for nonspace missiles. 

Mr. Tuomas. Well, we can all agree that they are out of the space 
business, are they not ¢ 

Dr. Drypen. They are. 

Mr. Tnomas. The large part of their activity in the past has been 
in that field. 

Dr. Dryven. The activities of 5,500, roughly, out of the 20,000 
people. About one-fourth of the people at Huntsville were in space 
and PERSHING and JUPITER missiles. 

Mr. Trosas, But, they have been completed, have they not? 

Dr. Dryven. The JUPITER is completed but the PERSHING 
avery active project still. 

Mr. Tuomas. That is a tactical weapon, is it not ? 

Dr. Drypen. Yes, sir. 


STATIC TEST FACILITY 


Mr. Jonas. What are you going todo? The thing that worries me 
about this construction program is this: Your first item is in the 
amount of $10 million with reference to the SATURN static test 
facility. 

- What are you going to do in the interim during these 30 months in 
which that is being constructed ? 
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Dr. Drypen. The first static test facility is coming into use; our 
request is for the second one. The situation now is that if there is an 
accident, then we are delayed for a very long time. We are accepting 
some risks because this second stand will not be finished by the time we 
start our first static test on the other stand, but we are at least trying 
to get this leadtime so that an accident of one stand does not hold up the 
project for a year. 

General Ostranper. In addition to that, Mr, Jonas, we will physi- 
cally need it simply from the rate of construction and test of these first- 
stage boosters. In other words, we go to a rate of beyond that which 
one test stand will handle. 

Dr. Drypen. In the later years as the program moves forward, we 
will need the two stands for the number of vehicles that are in the pro- 
gram, but the reason for starting it as quickly as we can is to get some 
protection against a delay of a year caused by an accident on one 
test stand. 

Mr. Jonas. Why would it take 214 years to build 4 

Dr. Drypen. I wish we had some pictures of men in it. This stand 
is 183 feet to the lower part of the upper platform. The missile 
itself, as has been mentioned, is 21 feet in diameter. 

Mr. Horner. The first stage of the missile is 80 feet. 


SPEEDUP OF SATURN PROGRAM 


Mr. Ruopes. Dr. Dryden, who made the decision to speed up this 
SATURN program ¢ 

Dr, Drypen. This was made by the President himself. 

Mr. Ruopes. Was it made before the transfer of the Huntsville 
facility or after ? 

Dr. Drypen. It was after. 

Mr. Ruopes. Now, we have been talking for the last several days 
about the difference between a crash program and a rush program. 

Dr. Drypen. Yes, sir. 

Mr. Rrropes. Would you say we are now entering into a crash pro- 
gramas far asthe SATURN is concerned / 

Dr. Drypen. No; it isa rush program. 

Mr. Ruopes. It isa rush program ¢ 

Dr. Drypen. Yes, sir. Before this it had been going along at a 
rate fixed by the number of dollars you had to spend for it. 

Mr. Tuomas. This isa spare. 

General Osrranper. If we go at the rate we propose, we will actu 
ally need it and will! be using both test stands full-time at the time we 
get toa six-a-year rate. 

Mr. Tuomas. I will read your own language: 

Of perhaps even greater importance are operational advantages mentioned, 
it is the backup given the present stand in the case of an accident. 

Mr. Umer. It serves both purposes. 

Mr. Horner. Mr. Thomas, there is one thing that perhaps should 
be said about this and that. is that the Army had, of course, prepared 
tentative plans for an expedited SATURN program before the Hunts- 
ville facility was turned over to NASA, one plan of which corre- 
sponded with the accelerated program which was later approved by 
the President. The Army had to carry out that construction pro 
gram to accommodate this increased rate of SATURN and General 
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Barclay testified before the Legislative Committee with regard to this 
plan. ‘This plan went through the same items that we have here, item 
by item, w ith only minor ditferences, with the exception of the c entral 
laboratory building. 

Mr. Tuomas. I have looked over this and it looks like to me that if 
there is any justifiable item in your program, this static test facility 
is it. 

Then, we have your office building and your extensions here which 
look like to me certainly could be avoided. 

Mr. Horner. The point I was trying to make, Mr. Thomas, was 
that all these extensions, with the exception of the central laboratory 
building, was included in the Army program, and some of the exten- 
sions were larger than these. Therefore, the total amount of the 
proposed Army. construction program—— 

Mr. Tuomas. Well, of course, the Army was competing with the 
Air Force, the Navy and everyone else, but th: at is about over with. 

Dr. Drypen. There is no competition on SATURN. I do not be- 
lieve there was any conflict in program with SATURN. 

Mr. THomas. That is right. That is why I said, while they are 
completely out of the space business—— 

Dr. Drypven. I think you ought to ask Dr. von Braun some of 
these questions, Mr. Chairman. 

Mr. Ruopes. Does the fact that this program is speeded up and 
that you will have an operational missile a year ahead of time, cause 
the total cost of the project to increase or not? Are you actually 
going to spend more money per missile by speeding up, or would it 
be about the same ? 

Dr. Drypen. It is about the same. 

It will actually be reduced somewhat. 

Dr. von Braun says it will be reduced somewhat, but I cross my 
fingers on that one, 

Mr. Ruopes. That is the reason I asked the question. 

General Osrranper. Well, I simply wanted to make the point that 
Dr. Dryden did, that all these facilities are directly tied, with the 
exception of this one, to this increase in this schedule—of speeding 
it up by 1 year. It is purely a matter of sufficient space and suffi- 
cient facilities in order to reach the rate of production, checkout 
and launch that we have to do in order to meet this increased schedule. 

In connection with your question on the provision of additional 
buildings by the Army—in general, in the case of most of these things, 
while they have small buildings on the Huntsville reservation down 
there, they simply are not large enough and not suited for actual 
fabrication or checkout of these boosters. You just cannot get them 
in there. 

Mr. Tuomas. I walked through some pretty large buildings. 

Dr. Drypen. There is one shop that does make the SATU RN. You 
probably saw it under assembly. 

Mr. THomas. Well, it looks like to me that here is a program, with- 
out slowing down your efforts, that could be cut at least 50 or 60 
percent. 

As far as the big office building is concerned I do not think that is 
needed. 

Your big pilot. plant here when it gives you some standby facilities 
certainly, perhaps, that may be advisable. That is your big $10.8 
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million item. All of this other construction looks like to me could be 
eliminated and not slow down your program one iota. 

Dr. Drypen. Mr. Chairman, I am sorry to disagree with you, 
What you saw at Huntsville will build about two SATURNS. Tt 
will take care of about a rate of two SATURNS. 

Mr. Tuomas. Of course, you are not going to build the SATURN 
there. You are going to build that at the farthest corner of the 
United States and ‘ransport it back to you over land. 

Dr. Drypen. The first stage will be built there and it will be taken 
to Florida by barge down the Tennessee River and through the Gulf 
of Mexico. 

Mr. THomas. I am talking about your future program—your 
prototype. 

Mr. Horner. No, sir. The facilities are being set up there for the 
construction of the operational first-stage SATURN at Huntsville 
continuously. That is what these facilities are for. 

Mr. Tuomas. You do mean to say the entire unit is going to 
be fabricated there? 

Mr. Horner. The first stage. 

Dr. Dryven. The first stage of the entire unit. This has been done 
by Dr. von Braun in the past. 

General Ostranper. At some stage out in the future—well in the 
future—this may be given completely to a contractor, and if we did 
that we would need practically the same order of facilities as a con- 
tractor plant as we need here. 

Mr. Jonas. You say that sometime during the program you may 
find it advisable to let out the first stage on a contract. If you do 
so, will it not then be necessary to duplicate these facilities, if they are 
constructed ? 

General Ostranper. Well down in the program, it is conceivable 
that one of three possible approaches would be taken: either give it 
completely to a contractor or have the contractor actually assemble 
them. Much of the first stage is actually fabricated by a contractor 
and assembled here now. We could possibly turn over some of these 
facilities that we are talking about to a contractor to test and check 
it out. 

Mr. Jonas. You mean that has not been determined firmly ? 

Mr. Horner. The facility we are talking about here supports the 
fabrication and assembly of SATURN vehicles at the rate of six per 
year. If at some point in the space program it is decided that we 
need more than six per year of the SATURN vehicle, then we will 
have to provide additional facilities someplace and they probably 
would not be at this particular facility complex. 

Mr. Jonas. You mean that in the middle of the program you 
might decide to contract it out? 

Mr. Horner. No, sir: not in the development program nor in any 
program at a production rate of less than six per year. 

Mr. Tomas. Of course, when they get it developed, then they 
will turn it over to industry like they do everything else. 

Mr. Horner. That is not the intent. 

Dr. Drypen. The numbers are so small that this does not look like 
the sensible thing to do at the moment. 

Mr. Tuomas. You plan to build six a year for several vears, do 
you not ? 
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Dr. Drypen. Yes, sir; but that is a pretty small production rate. 

Mr. Tuomas. What would a completed unit cost at your present 
estimates if you included your research and development? What 
would your first. unit cost be, and what would be the cost of your third, 
fourth, and fifth units? 

Dr. Drypen. I did not quite understand whether you wanted to 
include the research and development costs, but our present program 
calls for a total, through the 10th first stage—and the upper stages 
that. go with those—of between $800 and $900 million, approximately 
$850 million. 

Mr. Tuomas. That includes your research and development cost? 

Dr. Drypen. That includes the development cost: yes, sir. 

Mr. Tuomas. When you get that successfully behind you, what will 
be your unit. production cost tt 

Mr. Horner. We have various estimates as to the cost of the total 
vehicle or the total useful vehicles of three stages which is a par- 
ticular version called the C—1 version of $20 million. These are esti- 
mates of 4 to 5 years hence. So they have that degree of reliability. 

Mr. Tuomas. You will have a cost of $20 million as against $850 
million in your research and development cost of your first engine ? 

Dr. Drypen. The first 10. 

Mr. THomas. $850 million for your first 10? 

General Osrranper. Yes, sir; that is right, plus research and de- 
velopment and plus launch. 

Mr. Horner. The $850 million is a round number. I think it has 
been accurately stated at $886 million. 

Mr. Tuomas. Certainly, your research and development cost on 
your No. 1 will be a whole lot more than on your 10th one, and cer- 
tainly after you build 2 or 3 that cost ought to come down, should it 
not ? 

Dr. DrypEen. That is right. 

Mr. Horner. That is certainly true on the first stage. The first 
three vehicles will not have the upper stage on them. 

Mr. Ropes. Where are you developing the upper stage ? 

Mr. Horner. The top stage of the first version is being developed at 
Convair and the middle stage is presently in the process of source 
selection. We have asked for proposals and we have received them 
from industry and we are currently evaluating them. 

Mr. Ruopes. What type of fuel does the middle stage use? 

General OstrANpdER. Hydrogen-oxygen. 

Mr. Tomas. Is not the best guess that when your first one is com- 
pleted—you first, second, and third stage—and you have it opera- 
tional, that from then on out you will turn the whole thing over—first, 
second, and third stages, which is a completed unit—to some manu- 
facturing firm ? 

General Ostranper. I would be very doubtful about that. We will 
have had the experience and facilities at Huntsville at that time and 
those people will not. be skilled in doing any other vehicle. It is al- 
most certainly true that they will be continued in the process of fab- 
rication and assembly of the first stage. 

Mr. Tuomas. It will be a fabrication process and you certainly 
have no monopoly on any stage of it. You are only going to develop 
the first stage and industry will develop the second and third stages? 

Dr. Drypen. That is right. 
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Mr. Tuomas. If they develop those stages, after you do the research 
and development of stage No. 1, why cannot they do all three stages? 

Mr. Horner. They would require these kind of facilities we are 
talking about, Mr. Thomas, which is probably the best reason. 

Mr. Ruopes. Where will you assemble the missile ? 

Mr. Horner. The first three missiles will be assembled at Hunts- 
ville. 

Mr. Ruopes. All three stages ? 

Mr. Horner. Yes, sir. Later, when we have full assurance that 
the three stages are well matched and the electronic supports are 
matched and the whole circuits are matched, it is our plan that the 
assembly will be made at the launching site at Cape Canaveral. 

Mr. Tuomas. But, my guess is you will turn over that facility to 
an industrial firm and they will carry on with your own facilities ‘and 
it will not be necessary to build any additional ones. 

The pressure is on all throughout this Government to get the Goy- 
ernment out of business and this will be one of the first steps that 
will be pounced upon right here. 


STATIC TEST FACILITY 


At this point in the record we shall insert pages 380, 384, and 385 
of the justifications. 
(The pages referred to follow :) 


SATURN Static Test FActILity 
1. Description 


The construction and instrumentation of a tower is required to permit the 
captive testing of space vehicles in the general class of the first stage of the 
SATURN vehicle. The project includes all site improvements, utilities, sup- 
port buildings, and equipment required to make the project fully usable, except 
for equipment that must be tailormade to suit individual vehicles. The tower 
itself will consist of a heavy-steel structure capable of carrying all vertical 
loads, both static and dynamic; and a light structure which will take horizontal 
loads from engine gimballing or from winds, which will support service and 
work platforms, and which will also carry a gantry crane with its system of 
tracks. Leading from the tower will be a shallow, concrete-lined trench which 
will drain the deflector cooling water to a holding pond, which, in turn, will 
discharge into the Huntsville Spring Creek. Immediately adjacent to the tower 
will be a two-story concrete building for terminating instrumentation and con- 
trol cables and for housing special power generators and power switch panels. 
A cable tunnel will lead from the termination building to a new instrumentation 
and control blockhouse, which will also be connected to the existing blockhouse 
and instrumentation system through a bank of conduits. In the new blockhouse 
will be all control equipment, and consoles needed for the proposed tower and 
half the recorders needed for testing the SATURN first stage at the new tower 
with the remainder of the recording being down in the existing blockhouse. 
Space will be available to add additional instrumentation in the future. 

Site work in the project will consist of access roads and railroads: general 
grading, hardstands, and area drainage; utilities including powerlines, potable 
water mains, Sanitary sewer lines, and septic tanks; and a high-pressure in- 
dustrial water system. A reservoir and pumps for supplying deflector cooling 
and firefighting water will be provided. Supporting facilities will include a 
small maintenance-shop building; fuel and liquid oxygen storage tanks and 
piping systems; and high-pressure nitrogen and air storage bottles and piping 
networks. 
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9, Justification 
This facility will be used to perform captive testing of the complete first stages 
of the SATURN space vehicle. Such testing is required— 
(a) To prove design concepts. 
(b) To establish engine operational limitations. 
(c) To determine the effects on engine operation and efficiency of a single- 
engine malfunction. 
(d) Toestablish statistical data on reliability. 
(e) To provide a final operational check on flight vehicles. 

An existing static test tower does not have the capability of handling an 
accelerated flight program while at the same time conducting an extensive 
research and development program. The construction of a second stand will 
remove this conflict. Of perhaps greater importance than the operational ad- 
vantages mentioned is the backup given the present stand in the case of a 
catastrophe. The additional stand will allow the SATURN program to proceed 
even if an explosion seriously damages the existing stand. 


3. Cost estimate 





aa la ahaa ella lash ch desea eect ulate $1, 900, 000 
Deflector trench and pond io nana ndsSarad sirens esiasciaeotas aaipeeta edexeectcdips a ooaaiehas ie Peake ae 260, 000 
Nn ae Sa anges eich een canes wots aaalginiuds ecaplendebcn ovate 170, 000 
Ines PIMPIN ARAN ARINC SURES a or i ees len teens mre me 170, 000 
I AO 7 RR eh as hs ear es ieee 450, 000 
aOR NON: SEINE i crite singers mip phn ian gerinaaeinn aimee 330, 000 
Position support building__..__________ Sere eLat hee eee eran ae 60, 000 
I as sw eg di st epee bosvicg aegis hala a 370, 000 
rg ni eS ok oe al ta ncmees 130, 000 
Instrumentation and control equipment____- ales Eo ae ee oe 4, 510, 000 
I On sakes ied coco nd ghee a aaa to aloe eel 440, 000 
Blockhouse — a aw a a oe ae 730, 000 
Design and engineering services__...._.--_______- Sia a 1, 280, 000 

Total estimated cost____- ite up ee sioabeg ipa imece ake “10, 800, 000 
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}. Construction schedule 
Total estimated completion time, 30 months. 


Mr. Tuomas. This deals with your static test facility in the amount 
of $10.8 million. 

The justifications break down your cost estimates which is a total 
of $10.8 million and which requires 30 months of construction. These 
estimates are made up of a tower in the amount of $1.9 million, the 
deflector trench and pond in the amount of $260,000—you can build a 
whote lot of pond for $260,000. 

Then you have site work in the amount of $170,000; fuel storage 
and handling in the amount of $170,000; LOX storage and handling 
in the amount of $450,000; high-pressure gas system in the amount of 
$330,000; position support building i in the amount of $60,000; indus- 
trial water system in the amount of $ $370,000; outside utilities in the 
amount of $130,000; instrumentation and control « equipment in the 
amount of $4,510, 000 and your gantry crane in the amount of $440,000. 
Then you have your blockhouse in the amount of $730,000 and your 
design and engineering services in the amount of $1,280,000, 

You can build a lot of blockhouse for $730,000. 

How firm are these estimates and who made them ? 

General Ostranper. They were made by Huntsville and I think 
they are fairly firm because they have had about 10 years of experience 

53552—60—pt. 325 
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in building this type of facility, including one similar to this, although 
on a smaller scale. 

Dr. Drypen. One has been built by the Corps of Engineers and 
these costs are based on their experience. 

Mr. Tuomas. These figures were not submitted by the Corps of En- 
gineers; were they? 

Mr. Horner. These are based upon the Corps of Engineers costs, 

Mr. Tuomas. Who is going to do this construction work and how 
will it be handled ? 

General Ostranper. This will be largely handled through the Corps 
of Engineers and it will be done on competitive bids with industry, 

Mr. is HoMAs. Why in this instance are you using the C orps of En- 
gineers? Is that based upon the same reason as that at JPL, because 
it is a military installation ? 

General Ostranper. The Corps of Engineers has developed quite a 
good deal of competence in constructing these static test and launch 
test stands over a period of years and we want to take advantage of 
their competence. 


CENTRAL LABORATORY AND OFFICE FACILITY 


Mr. Tromas. At this point in the record we shall insert pages 386 
and 388 of the justifications into ag record. 
(The pages referred to follow: 


CENTRAL LABORATORY AND OFFICE FACILITY 

1. Description 

This project provides for the construction of a combined laboratory and office 
building to house personnel of the aeroballistics and research projects labora- 
tories plus staff personnel of the NASA Huntsville facility. The proposed multi- 
story building will provide a gross area of 205,000 square feet and a net area 
of approximately 144,000 square feet. In addition to the laboratory and office 
areas, the facility will house a cafeteria, library, small auditorium, conference 
rooms, equipment rooms for specialized computing equipment, and heating and 
air-conditioning equipment. Drawings of the proposed construction are shown 
on the following page. 


Justification 


The proposed transfer of the ABMA development operations division to NASA 
and the resultant agreements necessdry to provide an equitable share of build- 
ings to both the Army and the NASA, will result in extreme congestion in many 
areas of operation in the development operations division. The greatest short- 
age of space will occur as a result of the agreement to retain buildings 4488 
and 4484 for Army use. These buildings now house the aeroballistics labora- 
tory, the research projects laboratory, and staff offices of the missile firing 
laboratory and the development operations division. In addition, space must 
be provided for supporting personnel who will be transferred to NASA. 

The aeroballistics laboratory performs research and development in the fields 
of theoretical aerodynamics, flight mechanics and vibration, flutter, and guid- 
ance theory to provide a basis for the optimum design of space vehicles and the 
optimization of trajectory and orbit calculations. In addition, the laboratory 
conducts analytical investing action of test flights, compiles and analizes 
meteorological data for applications to vehicle design, and carries on applied 
supporting research in the fields of aeroballistics and related sciences. 

The research projects laboratory coordinates and supervises supporting re 
search programs, provides scientific coordination for various special research 
projects, and conducts independent research in thermal design, nuclear power 
problems, and space physics. The missile firing laboratory has the responsi- 
bility for all NASA Huntsville facility firings at Cape Canaveral. The office 
of the director of the missile firing laboratory and his staff are located at 
Huntsville. The office of the director of the NASA Huntsville facility and 
supporting personnel provide supervision, and technical and administrative sup- 
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port to the 10 laboratories of ABMA development operations division which 
will compromise the NASA Huntsville facility. A total of 1,045 personnel 
will be housed in the building proposed for construction under this project. 


8. Cost estimate 


an AARNE cng ner mri emerge meoep ree etemmencn tse cane miami tess 
Roadways and parking areas____-------- ~------------------------ : 110, 000 
Building (including heating and air conditioning) ~....------------ 3, 485, 000 
Utilities_----------------------------------- cent ancien wmeanennp iene 100, a 
Pemiernnicatione =... 2h 2 ane ek ne dena iki Aleit tact cada TO cet 200, 
Collateral equipment___--~~- .~----------------------~-------------- 1 00, 000 
Design and engineering services__--.-------------~---------------- 385, 000 
abe) (eebimsiten ‘oom. abl Silt ect ee 


4. Construction schedule 
Total estimated completion time, 20 months. 


Mr. Tuomas. This item involves a total project cost of $4.4 million, 
Your justifications state as follows: 

This project provides for the construction of a combined laboratory and office 
building to house personnel of the aerial ballistics and research projects labora- 
tories plus staff personnel of the NASA Huntsville facility. The proposed multi- 
story building will provide a gross area of 205,000 square feet and a net area of 
approximately 144,000 square feet. 

We have a lot of hallways in there. 

Your justifications further state : 

In addition to the laboratory and office areas, the facility will house a cafe- 


teria, library, small auditorium, conference rooms, equipment rooms for spe- 
cialized computing equipment, and heating and air-conditioning equipment. 


You do not have any more people on the compounds now than you 
had last year, do you, and the people got along very satisfactorily, did 
they not? 

You are increasing your staff less than 500. 

Dr. Drypen. I cannot answer authoritatively as to how many people 
the Army will have in connection with the work on their missiles and 
other activities at Huntsville. 

Mr. Tuomas. This looks to me as though it is one item which could 
be deferred. 

Mr. Srerert. The Army, Mr. Chairman, in the negotiations told us 
that the continuation of their missile program gave them a manpower 
requirement of 1,500 people more than were in the total REDSTONE 
Arsenal setup. I do not know the extent to which this manpower has 
been approved. 

In addition to the 1,500 more—that is their deficit—it will be nee- 
essary for us to replace 400 people on our side of the organization 
which they say they cannot give us because they are needed in the 
Army organization. 

This, then, represents a substantial increase in the total numbers of 
people that are needed to be housed in office space on the REDSTONE 
Arsenal. For this reason, the Army from the very beginning of the 
negotiations said they could not give us the ABMA headquarters 
building. 

Mr. Tuomas. I do not believe the Military Construction Subcom- 
mittee has passed upon the Army’s industrial program for 1961 as yet. 
Until that becomes clear, it might be well to hold this in abeyance. 
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General OstranperR. We, incidentally, Mr. Chairman, have made a 
physical survey of all the other buildings and there is no additional] 
space which we could use. 

Mr. Tuomas. General, please say that out loud so we can under- 
stand you. 

General Osrranper. I say we made a physical survey of the other 
buildings in the complex which is being transferred from the Army 
to NASA, and there is no additional space in which these people 
can be placed. 

Mr. Tuomas. It is my understanding that the Army was trans- 
ferring to NASA a good many buildings which the Army could not 
use and which NAS: \ could not use either but NASA has the respon- 
sibility of maintenance. 

Dr. Drypen. No, sir; there are no buildings transferred that are 
not used. 

Mr. Tuomas. How many buildings were transferred to you? You 
set that number out in your justifications. I believe it was 81. 

Dr. Drypen. It wasa very large number. 

Mr. Srepert. It was several hundred. I can supply for the record 
such a listing. 

Mr. Tuomas. Read it into the record. 

Mr. Srerertr. There are many buildings, sir. 

Mr. Tuomas. I hada figure of 81 in my own mind. 

Dr. Drypen. They come in all sizes. There are certainly more 
than that. 

Mr. Tuomas. Can you add them up right quick? Guess at the num- 
ber and you can str: aighten it out later in the record. Your table 
shows it in the justifications as to how many there, but I do not have 
the figure in mind. I had a figure in mind of 81. It m: iv be 100 off. 

Mr. Srererr. I would say there must be close to 150 structures, 
The correct number of Huntsville structures of all types to be trans- 
ferred for NASA use is 149. 

Mr. Tuomas. And about half of them are of no use to you? 

General Ostranpver. That is not correct, sir. 

Mr. Tuomas. How many? 

General Osrranper. We have surveyed these and these buildings 
are all in use at the present time. 

Mr. Tuomas. By whom? The Army or who? 

Mr. Sterert. By the Development Operations Division. We only 
asked for buildings which were within the complex that had been 
assigned to Dr. von Braun for his work. 

Dr. von Braun points out to me in looking at the list T have here 
that many of these buildings are not buildings in the sense that they 
are usable for personnel. These are specialized facilities such as 
vacuum tanks and test cells and H-202 tanks. 


DYNAMIC TEST FACILITY 


Mr. Tromas. At this point in the record we shall insert pages 389, 
392, and 393 of the justifications. 
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(The pages referred to follow :) 


DyNAMIC Test FACILITY 
1. Description 

This project provides for the construction of a facility at which the large, 
multistage SATURN vehicles may be assembled and subjected to various 
mechanical, structural, and operational tests. The facility will allow the check- 
out of mechanical mating features; the determination of the natural frequency 
of the missile, both on the launcher arms and under simulated flight conditions ; 
the temperature effects caused by liquid oxygen or nitrogen when held for vari- 
ous lengths of time; and the effect of simulated flight vibrations on the various 
stages of the missile. There will be the capability for other tests involving 
wind effects, fueling techniques, ground crew training, and assembly methods 
sketches of the proposed facility are shown on the following two pages. 

The facility will consist of two foundations capable of carrying the launcher 
arms and vehicle at the full flight weight. A steel superstructure will provide 
jateral support for the vehicle and working platforms at any point on the vehicle. 
The superstructure will also serve as a pedestal to support a stiff-leg derrick 
to be used for handling and placing the various stages. Structural members 
will be included to support the missile by long cables, allowing freedom in all 
directions, except the vertical, for vibrational studies. One of the foundations 
will be used for tests requiring numerous work platforms and will provide 
maximum support for the missile, with the other being used when minimum 
fixed enclosures are required. Access for personnel to upper platforms will be 
by stairs and an elevator. 

Means will be incorporated in the project for carrying spilled propellants to 
remote holding ponds to minimize fire hazards. Power, water, and other util- 
ities will be provided as needed, as well as a road, hardstands, and other site 
improvements. On-stand housing and conduit for instrumentation and control 
and for connections to the existing systems are a part of this project. Actual 
recording of test data will be accomplished with equipment available in an 
existing blockhouse. 


2. Justification 


The cost of large, multistage vehicles for space missions is so great that all 
feasible means of assuring success must be taken. In the field of preflight 
testing with all stages in place, and with and without full cargoes of propellants 
or simulated propellants on board the required testing cannot now be done any- 
where in the United States due to a lack of suitable facilities. The facility 
proposed in this project will provide the required test capabilities. Some of the 
critical test areas in which this facility will be used are discussed below : 

Mating and bending characteristics —When the various stages of a vehicle are 
jointed together, a determination must be made as to the amount of malaline- 
ment which will occur. Any additional malalinement resulting from the addi- 
tional weight of added propellants or from the intense cold of liquid oxygen 
being held in the missile tanks must also be measured. The structures are so 
complex and the degree of accuracy in measurements required are so great that 
any theoretical analysis must be experimentally checked. The information 
obtained will be used by the structural designers to check for adequate strength 
without excess weight and by the guidance designers to make certain that the 
navigational system can compensate for measured deviations from perfect aline 
ment. The fact that the various stages will often be manufactured in different 
plants makes such tests mandatory. 

Vibrational analysis.—The vehicles will have forces applied to them in such 
a way that they will vibrate at their natural frequency. This will be checked 
against the frequencies generated by the propulsion and guidance systems to 
insure that there is no chance of a destructive buildup of forces due to their 
being in harmony with the vehicle. Also, vibrators will be used to simulate 
vibrations generated by the propulsion system to insure that no part of the 
vehicles, particularly the guidance system, will be damaged. 
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Other tests.—The launcher arms and release devices will be tested by replacing 
the engines with hydraulic cylinders, which will lift the vehicle several inches 
The test will serve the purpose of proving that all the holddowns release together. 
Other tests will be concerned with the effect of winds on the vehicle, the training 
of the launch crews, and calibration of the fuel tanks. 


3. Cost estimate 
Site preparation__ 


eee , ceed bc $6, 900 
Foundations_______- i he . coe ; 23, 000 
ae aii tonal “ ’ . 221, 150 
eek ieleetaae eat Ete , ; . 120, 000 
a : 34, 500 
Propellent disposal system____ ee : 37, 500 
I ee Ue Sos 10, 400 
Instrumentation conduit : 5, 550 
ce 7 61, 000 
Design and engineering services_- 80, 000 

Total estimated cost__ ee aa ae 600, 000 


4. Construction schedule 
Total estimated completion time, 10 months. 


Mr. Tuomas. This project carries a leadtime of 10 months at a con- 
struction cost of S600,000. 
Your justifications state as follows: 


The facility proposed in this project will provide the required test capabilities. 
Some of the critical test areas in which this facility will be used are discussed 
below : 

The cost of large, multistage vehicles for space missions is so great that all 
feasible means of assuring success must be taken. In the field of preflight test- 
ing with all stages in place, and with and without full cargoes of propellants or 
Simulated propellants on board the required testing cannot now be done any- 
where in the United States due toa lack of suitable facilities 


You have here several items which make up this request and are as 
follows: 

Site preparation, foundations, power, crane, elevator, propellent 
disposal system, paving, instrumentation conduit, utilities and design 
engineering services, for a total cost. of $600,000. For your design and 
engineering services you are requesting $80,000 which is a little better 
than 12 percent of your request alone. 


PRESSURE TEST CELL 


Mr. Trroomas. At this point in the record we shall insert page 394 of 
the justifications. 
(The page referred to follows :) 


PRESSURE TEST CELI 

1. Description 

This project provides for the construction and instrumentation of mechanical 
test facilities that will provide the capability for pressure testing the SATURN 
first-stage cluster, for inspecting component parts, and for the analysis of 
hydraulic oil and propellant and sub-system contamination. A sketch of the 
proposed construction is presented on the following page. 
2. Justification 

There is no pressure test cell available at the NASA Huntsville facility to 
accommodate the test requirements for the present SATURN program. The 
proposed facility is necessary to provide a safe and completely blastproof area 
to perform mechanical, functional, and pressure testing of the SATURN booster 
assembly. The booster and its components will be tested in the cell for fail- 
ure in strength, function, leakage, and timing. The pressure testing of the 
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SATURN boosters cannot be accomplished within existing facilities without 
endangering the building structure and its occupants. 


3. Cost estimate 


BIE... penne nn nemo enone nnn paneegesesneseeensnsssees——sesnen $475, 500 
SMities and paving._............. 1... +. ~.---5+~-+---5--- += 2, 000 
Heating and air conditioning_----...-------------------------.+--.- 50, 000 
[ixtension of existing monorail system_--------------+-------------- 3, 000 
tanesetery ethaust system. ............ 2. 2 nee enenene 4, 500 
High-pressure, pneumatic, and TN TD a ce nceprerenmrescsveniniinenianiinte 85, 000 
Relocation of high- -pressure ee os ee aeierenieabinenenencabaiaiied 10, 000 
Design and engineering services._...............-..--------------= 20, 000 

istal ‘Gaeimaten “Cotte. oS) Se ict lee se Be 650, 000 


5. Construction time 

Total estimated completion time, 12 months. 

Mr. Tuomas. This item covers your pressure test cell and is in the 
amount of $650,000. I note that you have a request for the construc- 
tion of a building in the amount of $475,500. 

What is the nature of this building and why can you not use one 
of the existing buildings already there? : 

General Osrranver. This has to be a specially constructed build- 
ing because we are pressure testing the first stage of the SATURN 
in this building. 

Mr. Tuomas. How many square feet are in this building and what 
will it cost. per square foot ¢ 

General Ostranper. 15,000 square feet at $32 a square foot. 

Mr. Tuomas. Is it to be constructed of reinforced concrete ? 

General OsTrRANDER. lt is reinforced concrete ; yes, sir. 

Mr. Tuomas. Is this $22 a square foot or $32 a square foot ? 

General Osrranver. I beg your pardon, sir. It is $31 a square foot. 
I was in error earlier. 

Mr. Tuomas. What is the nature of the construction ? 

General Ostranper. It is reinforced concrete, and a part of it 

Mr. Tuomas. Is it an open warehouse type of building? 

General Ostranper. It is an open room in which we can run these 
boosters up to certain pressure and test them. 

Mr. Tuomas. I do not know how you are going to spend $31 a 
square foot. 

How thick will the walls be? 

General Ostranper. This involves not so much the building as it 
does many of the high-pressure devices and the instrumentation to 
test the equipment w ithin the building. 

Mr. Triomas. You have hydraulic equipment in here and, I think, 
air conditioning, as well as exhaust systems and high-pressure pneu- 
matic and hydraulic facilities in addition to this $475,500. 

Mr. Jonas. You just make a statement that existing test cells are 
not suitable, but you do not give us any explanation for that. 

Why are they not suitable? 

General Osrranver. I do not believe that there is a test cell there 
which will accommodate the SATURN booster. 

Dr. von Braun. It is just too small. Our largest test cell can ac- 
commodate the JUPITER, but this has about three times the diameter 
of the JUPITER. 
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EXTENSION TO ASSEMBLY BUILDING 


Mr. Tuomas. There is also an extension of your assembly building 
in the amount of $2.5 million. 

At this point in the record we shall insert pages 398 and 396 of the 
justifications. 

(The pages referred to follow :) 


EXTENSION TO ASSEMBLY BUILDING 
1. Description 


It is proposed to construct and equip an addition to missile assembly buildings 
4705 and 4706 to supplement existing missile assembly facilities. Space and 
facilities will be provided for test and quality control of subassembly and assem- 
bly work. A sketch of the proposed work is shown on the following page. The 
addition will provide: 

(a) 55,000 square feet of additional space for general assembly work, in 
eluding an extention of the existing bridge crane systems and the provision of 
necessary optical and supporting equipment. 

(b) 6,000 square feet of additional space for pressure tests of subassembly 
components, including provisions for high pressure air. 

(c) 3,500 square feet of additional area for cleaning large fuel suction lines 
of the SATURN first-stage booster, including required equipment for dehumdi- 
fing and dust freeing the area, water and air treatment, and general cleaning 
equipment. 

(d) 12,100 square feet of additional space for production engineering, equip- 
ment, storage, and administration. 


Justification 


Existing assembly facilities were not planned or designed for the development 
of vehicles approximating the diameters and lengths of the SATURN and fn- 
ture space vehicles. Space and facilities for the development and fabrication of 
SATURN components is being provided by minor modifications to existing shops 
and by the shifting of equipment between those shops. However, the need for 
adequate floor space for assembly and for vehicle alinement, cannot be met witb- 
out the construction of additional space. The SATURN production schedule will 
require space for the assembly of several first stage clustered boosters simul- 
taneously. 

In addition to providing the necessary floor space for final assembly the pro- 
posed addition will provide dust free, humidity controlled cleaning areas; 
quality control high pressure test facilities including required office space and 
facilities for other inspection work ; and space for subassembly including vehicle 
wiring and engine buildup. 


8. Cost estimate 


Building__ AEA Z om $1, 700, 000 
Utilities and paving. ee 50, 000 
Optical equipment and assembly support equipme nt 100, 000 
MIR esac cite, = pone 150, 000 
Fuel suction line cleaning equipment je 200, 000 
Pressure test equipment and instrumentation__ 100, 000 
Design and engineering services___ tee 200, 000 

Total estimated cost____—- J = 2. 500, 000 


4. Construction schedule 
Total estimated completion time, 16 months. 


Mr. Tuomas. Your justifications state as follows: 


Fifty-five thousand square feet of additional space for general assembly 
work, including an extension of existing bridge crane systems and the provision 
of necessary optical and supporting equipment. 

Six thousand square feet of additional space for pressure tests of sub 
assembly components, including provisions for high-pressure air. 

Three thousand five hundred square feet of additional area for cleaning large 
fuel suction lines of the SATURN first-stage booster, including required equip- 
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ment for dehumidifying and dust freeing the area, water and air treatment, and 
general cleaning equipment. g 

Twelve thousand one hundred square feet of additional space for production 
engineering, equipment, storage, and administration. 

What is the total square footage in this building ? 

General Osrranpber. 76,600 square feet. 

Mr. Tuomas. What does it cost a square foot? 

General OsTtRANDER. $22 a square foot. 

Mr. Tuomas. What will be the nature and type of the construction ? 

General Osrranper. This, I believe, is transite on steel frame. 

Mr. Srererr. The reason that cost, Mr. Chairman, is $22 is if you 
look at the diagram on page 397, you will find that this building has 
a large amount of cubage/square footage area because it is two stories 
high. 

Mr. Toomas. What will be the height inside the building? Will it 
be 35, 40 or 50 feet ? 

Mr. Steverr. I do not know, sir. 

Mr. Tuomas. You are building here a concrete, reinforced building 
and an open type building which should be the cheapest construction 
in the world, 1f you get a hold of a good concrete man. He will set 
up forms and pour it in there and do it in a whole lot less than 16 
months and a whole lot less than $22 a square foot. 

Dr. Drypen. Off the record. 

(Discussion off the record.) 

Mr. Tuomas. We shall now proceed to consideration of the next 
item. 

ADDITION TO ENGINEERING BUILDING 


Mr. Tuomas. This covers the addition to your engineering building 
and is in the amount of $1,137,000. 

At this point in the record we shall insert pages 399, 403, and 404 
of the justifications. 

(The pages referred to follow :) 


ADDITION TO ENGINEERING BUILDING 
1. Description 


It is proposed to construct an addition to the engineering building of the 
structures and mechanics laboratory. As indicated in the drawings on the 
following three pages, the proposed facility will include an 80- by 10-foot con- 
nection to building 4610 at the second and third floor levels and the construction 
of a six story 80- by 100-foot engineering buildings. The existing facility plus 
the addition proposed in this project will house a total of approximately 600 
personnel. 


2. Justification 
The mission of the structures and mechanics laboratory is to conduct research 
and development activities in the fields of structures, mechanics, propulsion, 
chemistry, and materials as related to all types of space programs. Some of 
the key elements in the mission include: 
Feasibility and design studies, and analytical investigations in the pre- 
paration of technical proposals for future spaceflight systems. 
Analytical and experimental research, development, and design of struc- 
tural components and complete airframes of satellites and space vehicles. 
Research and development in the fields of propulsion and mechanics as 
related to space vehicles, including : 
(a) Design of propulsion systems, propellant feed systems, cooling 
systems, mechanical assemblies, and components. 
(b) Methods and systems for protection of the space vehicle system 
from aerodynamic heating. 
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(c) Integration of propulsion units into space vehicle systems, 
Research and development activities in the field of chemistry and ma- 
terials as applied to the planning, design, manufacture, storage, and opera- 
tion of space vehicles. 
R h and development in the layout and design integration of space 
vel encluding : 
t) Development of preliminary layouts of space vehicles. 

(tL) Coordination of design activity and integration of design re 
quirements of structures, aerodynamics, guidance and control, and 
launching and handling equipment. 

(c) Analysis of weight, moment of inertia, product of intertia, center 
of gravity, and stability axes. 

(d) Review, standardization, and approval of all drawings and spe- 
cifications required for complete documentation and release of fina] 
drawing assemblies. 

To accomplish this mission, the technical personnel of the laboratory must 
perform with the utmost efficiency. They must be adequately housed and must 
be closely integrated. The design and analysis personnel of the laboratory are 
now located in four buildings. Three of the buildings are more than \% mile 
from the laboratory complex of buildings. This presents a number of problems 
relating to proper coordination of design effort. 

The main engineering building of the laboratory now provides 32,000 usable 
square feet of floor space. There are 602 personnel in this building and three 
outlying buildings who must be brought into the laboratory complex to fune- 
tion efficiently. There is not adequate room in the existing building to accom- 
modate this number of people. Based on the maximum utilization of usable 
floor area the total floor space required is approximately 71,000 square feet, 
This project will provide an additional 39,000 square feet of net usable area. 
Upon completion of the proposed addition, the staff of the structures and me 
ehanics laboratory will have available an average of less than 120 square feet 
per person which is considered minimal for the types of personnel to be housed. 

8. Cost estimate 
Site work, roads, and parking areas______________- eas Ae $70, 000 
Utilities and communications___. : acaba 59, 000 
Building, including heating and air conditioning. ns j oe 850, 000 


pera ONIN ed Jdis isi 45, 000 
Design and engineering services_____- © satel eats sicsnscadetiiiels tieaeeee 113, 000 
Total estimated cost______ Ee - ae 1, 137, 000 


5. Construction schedule 
Total estimated completion, 15 months. 


Mr. Tuomas. What is the building itself going to cost ? T notice the 
leadtime is 15 months. 

General Ostranprr. $850,000 is for the building and it has a gross 
area of 48,000 square feet at an average cost of $17.70 a square foot. 

Mr. THomas. What is the total cost? Ts that figure $1,137,000? 

General Ostranper. Yes, sir. 

Mr. THomas. How many square feet are in the building? 

General Ostranper. 48,000 square feet. 

Mr. Tuomas. Well, with all of these leadtimes you will be out 
of business before you get all of this completed, will you not? 

Dr. Drypen. I donot think so. 

Mr. Tuomas. What are you going to be doing in the meantime with 
reference to the equipment which you badly need? 

Dr. Drypen. This is all time phased fairlv well to meet the buildup 
in the number of first-stage vehicles. Right now the first vehicle is 
on the static test stand and the second one will be coming along 
shortly. 

Mr. Tuomas. It looks like to me that your most important project 
here is going to take 37 months to complete, and if you can survive 
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37 months without it, it looks like to me you could go a long time 
without it. 

Dr. Drypen. The date is 48 months to the 11th vehicle. 

Mr. Tuomas. Here is your guidance control building:.«?s this un- 
der the direction of our distinguished friend, Dr. Hausern,. ear, 

Dr. Drypen. Yes, sir. 

Mr. Tuomas. He is a great man and a fine scientist as Well as a fine 
gentleman. Please tell him hello for me, will you, Doctor? 

He told us he would not swap ours for the Russians’; that ours was 
the best, and as far as I am concerned, I am going to believe the 
doctor. 

Mr. Jonas. Before you leave the engineering building, I can under- 
stand why vou need additional engineering capacity, but if you can 
go 36 months without it, I do not see why you are going to need addi- 
tional buildings from then on. 

General Osrranper. The engineering building is 15 months in the 
future. 

Mr. Utmer. I do not understand the 36 months. 

Mr. Jonas. Itis 15 months? You will not occupy it for 15 months, 
and you are going to continue in your engineering work? If you can 
use existing engineering facilities in the next 15 months, how do you 
know that far into the future that you will need additional capacity ? 

General Ostranper. We have this group now squeezed into four 
different. buildings, scattered about a half-mile apart, and we have 
about 50 square feet per person. This is timed with the SATURN 
program buildup which goes from one vehicle in calendar year 1961 
to three in 1962 and five in 1964, and so on. At the time we reach this 
buildup, this building will be available. 

Mr. Ruoves. After you have gotten your missile perfected, is not 
your engineering work almost over ? 

General OsrrAnpDeER. No, sir. In the first place, you have continu- 
ing work on the C-1 Seen and you must remember we have 
two others called the C-2 and C-3. These are the four- and five- stage 
vehicles that we were t talking abdut yesterday. 


Mr. Ruopes. Do you have any present plans, Dr. Dryden, for the 
NOVA? 


Dr. Drypen. No, sir. 

Mr. Ruopes. Are we appropriating any money this year which 
might be used later in the NOVA program ? 

Dr. Drypen. There is no mone y on the NOVA vehicle at the pres- 
ent time. There is only the F-1 engine development which will be 
monitored by Dr. von Braun. I would say that the exact future 
of NOVA depends very much on Dr. von Braun’s studies in the 
coming yeal 

Mr. Osrertac. You are doing the basic research ? 

Dr. Drypen. On the NOVA vehicle I think there is a little money 
for studies. Is that right? 

General Osrranper. Yes, sir; some study contracts. 

Dr. Drypen. But no hardware development contracts. 

Mr. Ruopes. In other words, this engineering building that we are 
being asked to appropriate money for is for the SATURN project 
alone ? 

Dr. Drypen. No, sir: anything in the vehicle line which NASA does 
will be under Dr. von Braun, so that he will be concerned with engi- 
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neering in connection with all of our launch vehicles, whatever they 
may be. 

Mr. Tuomas. You have a half dozen buildings which you are using 
for engineering pur poses now, have you not ¢ 

General Ostranper. This particular one happens to house the peo- 
ple who work for him. These people will be working both on 

SATURN and the other vehicles which he is currently charged with, 
and any future ones. 

Mr. Tuomas. How m: ny engineering buildings does the Army have 
there which they are going to use # 

Mr. Srepert. I do not ‘know of any others that are called an engi- 
neering building as such. Do you, Dr. von Braun? 

Dr. von Braun. No. It is scattered over quite a number of build- 
ings. Some of this requirement for the engineering building ac- 
tually has something to do with the divorce from the Army opera- 
tion, and the Army will have to set up its own engineering in the 
missile area. 

Mr. Tuomas. They are out of the missile business, we think, Doctor. 

Dr. Drypen. They are out of the space business but not out of the 
missile business, Mr. Chairman. 

Mr. Tuomas. I meant that they are out of the space business. 

Dr. von Braun. We are out of space but not out of missiles. 

Mr. Tuomas. Well, perhaps, it will not be long until you will have 
a centralized agency on most of your tactical weapons as well as some 
of your other weapons. 

Dr. von Braun. After the separation, there will be more total en- 
gineering costs than there are now, and I think this is a point: The 
total strength of engineering work at Redstone in missiles and in the 
space area will be greater in the future than it is now with reference 


to the Army as well as NASA. 


COMPLETION OF GUIDANCE AND CONTROL BUILDING 


Mr. Tuomas. Now, let us take a look at the completion of your 
guidance and control building. 

At this point in the record we shall insert pages 405, 407, and 408 
of the justifications. 

(The pages referred to follow: 


COMPLETION OF GUIDANCE AND CONTROL BUILDING 


1. Description 


It is proposed to construct two separate structures adjacent to and near the 
existing building No. 4487 as indicated in the drawing on the following page. 
The main structure will consist of an east extension approximately 50 feet by 
500 feet, two floors high, and a south extension approximately 30 feet by 140 
feet, one floor high. The second structure will have an irregular-shaped plan 
and will include a two-story-plus-basement area for a constant azimuth centri- 
fuge, a two-story control room, and an &5-foot high enclosure for an expanded 
range linear accelerator. Special, closely controlled, air conditioning will be 
provided for some environmental test areas. The proposed project which will 
provide approximately 61,000 square feet of floor area, will include the follow- 
ing: 


(a) Additional laboratories for investigation, research, and development 
in the fields of inertial, radio, midcourse and terminal guidance. Advanced 
work is necessary in guidance computers, component evaluation, theory 
evaluation, and application of present principles of microminiaturization. 
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(vb) Laboratories for infrared, optics, and photosensitivity research in- 
volving spatial attitude and horizon or light seeking and sensing devices for 
lunar probes and satellites. In addition to the optical phases of this item, 
research also must be conducted in the physical relationship and perform- 
ance of components under simulated spatial attitude conditions. 

(c) Laboratories and equipment for cryogenics research, investigation, 
and development. Studies will be undertaken on the performance of mate- 
rials, components, and devices at temperatures approaching absolute zero 
and involving superconductivity with respect to microminiaturization, and 
eryogenic gyros. 

(d) Laboratories and equipment for solar battery research and applica- 
tion. Special light sources and sensitive measuring devices will be provided 
for the application and improvement of solar batteries for satellite elec- 
trical power use. 

(e) Laboratories for microwave components and satellite tracking sys- 
tems research and development. These facilities will be used in the develop- 
ment of tracking transmitters, receivers, antennas, and transponders for 
tracking systems and space communications. 

(f) Laboratories and equipment for investigation, research, and develop- 
ment in the field of hydraulic servomechanisms. Flexible hydraulic labora- 
tories and adequate equipment for 5,000 pounds per square inch hydraulic 
systems such as that required in the SATURN program will be provided. 
Existing facilities are unsuitable and inadequate. The modernization pro- 
posed in this project will not only result in increased capabilities and effi- 
ciency but will also vacate high roof facilities necessary for increased ca- 
pabilities in environmental testing laboratories. The increased environmen- 
tal testing facilities will include 25,000-pound thrust vibration equipment, 
shock and impact simulation equipment, and large capacity vacuum and 
environmental chambers necessary to simulate conditions encountered by 
space probes and satellites. 

(9g) A separate acceleration test building housing an expanded range linear 
accelerator and a centrifugal accelerator. The expanded range linear ac- 
celerator is a device using a pneumatic method as a working principle and 
having cycling operation. It will provide the means to subject sensitive 
components to the influence of linear acceleration. The proposed device 
will greatly extend the range of linear acceleration tests with respect to 
peak acceleration, time of constant peak acceleration, and payload weight. 

2. Justification 


Until recently the mission of the existing guidance and control building was 
related primarily to military weapons systems with major emphasis on the reli- 
ability of surface-to-surface vehicles. With missions now being shifted to pure 
research and development oriented to payloads, satellites, lunar probes and space 
vehicles, additional research criteria and requirements have been created. While 
all existing facilities will be utilized, additional technical capability for inves- 
tigation, research, and development on problems peculiar to objects being sub- 
jected to space travel must be provided. These specialized facilities are required, 
not only for economy in avoiding trial and error research, but to assure the suc- 
cessful completion of the programs assigned to the NASA Huntsville facility. 


3. Cost estimate 


Building structure $1, 346, 000 


Utilities 106, 000 
Access road 3 10, 000 
Research equipment ; 393, 000 
Special electrical power : : $129, 000 
Linear accelerator 98, OOO 
Centrifuge___- a{ sae eee 104, 000 
Cryogenic equipment £0, COO 
Hydraulic equipment 22, 000 
Laboratory furniture and accessories ch 31, 000 


Design and engineering services 62, 000 


Total estimated cost 5 atte Se i £5: bz wtticattass! Se 


j. Construction schedule 


Total estimated completion time, 18 months. 
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Mr. Tuomas. The total cost of this construction is $1,948,000, 

Page 408 of the justifications breaks down the cost. 

How large is the building which will cost $1,346,000 ? 

General Osrranper. It is a 61 ,000-square-foot. building. 

Mr. Tuomas. How much is that a square foot ? 

General Osrranper. $22 a square foot. 

Mr. Tuomas. What type of construction will it be? 

General Osrranper. This will be concrete and steel frame with 
concrete block construction. 

Mr. Tuomas. I note that your “Utilities” are in the amount of 
$106,000; your “Access road” is in the amount of $10,000 and then 
your “Research equipment” is in the amount of $393,000. 

You have an 18-month leadtime for construction. 

This also comes under Dr. Hauserman, does it not ? 

General OsrRANpDER. Yes, sir. 

Mr. Tuomas. The doctor is in a great big building now. 

Mr. Osrertac. May I ask a question at this point, Mr. Chairman? 

Mr. Tuomas. Surely. 

Mr. Osterrac. I notice that this item has an 18-month leadtime. 

Until that time, what will be used to meet that requirement ? 

Mr. Troomas. He will stay in the same building he is in. 

General Osrranper. This is an addition to the current building 
they have. 

Mr. Toomas. Thisisan expansion ¢ 

General Ostranper. Yes, sir. 


Mr. Tuomas. Let us proceed, gentlemen, to the consideration of the 
next item. 


ADDITION TO CHECKOUT BUILDING 


Mr. Tromas. Let us take a look at your request for the addition 
to the checkout building in the amount of $4.5 million. 

At this point in the record we will insert pages 411-1, and 411-3. 

(The pages referred to follow :) 


ADDITION TO CHECKOUT BUILDING 

1. Description 

This project provides for the construction and instrumentation of additional 
facilities for the systems analysis and reliability laboratory. As indicated in 
the sketch on the following page, the planned addition will consist of a 200-foot 
extension to the existing checkout building. The addition will be designed to 
provide the performance test and reliability checkout capability necessary to 
carry out the recently accelerated SATURN program. A gross area of 110,000 
square feet will be provided. 


2. Justification 


The systems analysis and reliability laboratory will perform a complete check- 
out of the SATURN booster, including components and subassemblies both be- 
fore and after static testing of the booster in the test stand. In addition, the 
checkout of the upper stages and the alinement of the complete system will be 
performed. By measuring and evaluating performance results and by making 
corrections where indicated, this function will provide a reliable system and 
will minimize the possibility of malfunctioning during static test or during actual 
firing. 

An elapsed time of 12 weeks each will be required for prestatic and final 
checkout. In addition, an estimated 3 weeks will be necessary for preparation of 
the checkout station to accomplish changes to ground and measuring equipment. 
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The capability of the existing facility is not more than two SATURN vehicles 

yr year, with a dummy or simplified single upper stage. The proposed facility 
will provide a checkout capability of four SATURNS per year including pres- 
ently planned upper stages. Since the present schedule indicates requirements 
exceeding existing capability early in calendar year 1962 and since the total 
estimated construction time of the proposed facility is approximately 26 months, 
fiscal year 1961 funding will be required. 


3. Cost estimate 


BI nd ecco eal cole ata atl dart ehh wich ch cad warn ate Coast $2, 900, 000 
meatemerand' air womeitjgmings oo eee cecedcciow se 127, 500 
Tees inciuding communications... «esiwssoewsae 172, 000 
i RRO NG | ON trie ad one eerepepeendlapaciseaeiann 108, 000 
I I Oe, ar petra ons en desanieranenreysaoioe eeisienneee 97,5 
I ccc gape aia Sai 745, 000 
Data-processing equipment__._._..._-__-._________ $245, 000 
Record-processing equipment... 5 seein cote 40, 000 
RDORRIOET BURMA IGN eink cee Sidncnnincenined 75, 000 
les ea i Ee IS 108, 000 
Circle’ "Riera a Le 60, 000 
II earch asennad 48, 000 
ER 1 i ns anc est pied m te peclaliigmtipis easgn 45, 000 
a i ee 75, 000 
Inn I t= I ceeds 54, 000 
TE AT, CUNT AR. NO aii ih ae te rs en el wn 350, 000 
Total: Cee OE 6 iss os eh bo a bedicccobucemnbion 4, 500, 000 


4. Construction schedule 

Total estimated completion time, 26 months. 

Mr. Tuomas. Your justifications state as follows: 

This project provides for the construction and instrumentation of additional 
facilities for the systems analysis and reliability laboratory. As indicated 
in the sketch on the following page, the planned addition will consist of a 
200-foot extension to the existing checkout building. 

How many square feet will be in this building? 

General Ostranver. This is a checkout building with 110,000 square 
feet. 

Mr. Tuomas. What does this cost per square foot for the building? 

General Osrranper. $26 a square boot for the building. 

Mr. THomas. What type of construction is it? 

General Osrranper. It will be of steel construction, I believe. 

Mr. Tuomas. Steel and concrete? 

General Ostranper. I think this is steel and transite. 

Mr. Tuomas. The building costs $2.9 million; heating and air- 
conditioning costs $127,500; utilities, including communications, 
$172,000 ; site preparation and paving, $108,000; cranes and elevators, 
$97,500: and instrumentation, $745,000. 

That is broken down into data-processing equipment in the amount 
of $240,000; record-processing equipment, $40,000. 

What do you mean by this item of “Laboratory standards” in the 
amount of $75,000? 

Then, you have aircraft energizers in the amount of $108,000; cycle 
alternators in the amount of $60,000; static power supplies in the 
amount of $48,000; cycle inverters in the amount of $45,000; gen- 
erators in the amount of $75,000; and storage battery cells in the 
amount of $54,000. : 
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The leadtime for construction is 26 months. 

You are going to pay someone $350,000 to figure out how bad you 
missed your guess here; are you not? 

Dr. Dryven. I think in these cases these are the costs of the Army 
engineering services that you have been talking about. 

Mr. Tomas. Were these cost factors submitted by the Army for 
this particular projec t? 

Dr. Drypen. The design and engineering services costs shown 
here are the reimbursements to the Army engineers for doing the 
design and engineering. 

Mr. Tromas. What do they receive? Is that figure 6 percent or 7 
percent ¢ 

Mr. Ruopes. I believe it is between 6 and 7 percent. 

Mr. Botanp. I think it is about 6 percent. 

Mr. Tuomas. It is between 6 and 7 percent. 

Mr. Osrerrac. In other words, the Army is reimbursed in this 
amount ? 

Dr. Dryven. If we use their services, we have to pay for them. 

Mr. Ostertac. And, you have already used them ? 

Dr. Drypven. Not yet, but we will. 

General Ostranper. We will give them our basic requirements and 
they will work up the detailed design and engineering plan. 


ATLANTIC Misstre RANGE 


Mr. Tuomas. Gentlemen, let us take a look at your operations at 
Cape Canaveral, wherein you are requesting $27,750,000. 


COMPLETION OF SATURN LAUNCHING COMPLEX 


We shall insert pages 413 and 415 of the justification into the record 
at this point. 
(The pages referred to follow :) 


COMPLETION OF SATURN LAUNCHING COMPLEX 
1. Description and justification 


This project includes funds for the construction required to complete the 
SATURN vertical launch facility No. 34 and for the procurement and installa- 
tion of collateral equipment. The SATURN facility, originally funded in the 
fiscal years 1959 and 1960 by the Department of Defense, is presently under 
construction. The facility will meet the minimum requirements for the research 
and development phase of the SATURN program. It will provide the capability 
to launch a 1%-million pound thrust unit with its upper stages and will service 
vehicles up to 208 feet in total height. The complex will include a staging build- 
ing, separately funded, te provide assembly area for the handling and mating 
of upper stages; minimum office space for upper stage contractor personnel; a 
minimum storage area for upper stage spares and components; and hurricane 
protection for the booster. A sketch of the launching complex is shown on the 
following page. 

The funds requested in this project will provide for blockhouse equipment and 
minimum instrumentation for tracking, measuring, and telemetering flight tests; 
the procurement and final installation of blockhouse checkout equipment; the 
procurement and installation of collateral equipment required to complete the 
construction of the SATURN staging building, and necessary design and engi- 
neering services. 
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2. Cost estimate 


Procurement and installation of collateral equipment for the staging 
building acetic idaaran $525, 000 


Gaupietion of instrumentation sites... . . nn ween 100, 000 
Pad and blockhouse communication and electrical equipment____-~ 28, 000 
Blockhouse and pad maintenance and checkout equipment________--~~- 360, 000 
Measuring and tracking equipment____________-___----__ iets 787, 000 
iat Ol GOS IOGtIne BE TIOOE. oe | chee ane neinsdtntmninconninnitn 150, 000 


Total estimated cost___ Sidieeeaemaannen 2, 250, 000 


8. Construction schedule 
Total estimated completion time, 12 months. 


Mr. Tuomas. The leadtime is 12 months, and you state that this 

roject includes funds for the construction required to complete the 
SATURN vertical launch facility No. 34. 

Was there not a launching pad item in your 1960 supplemental 
involving the expenditure of some funds at Cape Canaveral ¢ 

Dr. Drypen. Yes, sir: $4 million. 

General Osrranper. But those funds are not for SATURN stands; 
they are for the AGEN A-B vehicle. 

Mr. Tuomas. You are constructing a new stand there? 

Mr. Uvmer. The 1961 program includes $2,250,000 to complete a 
SATURN launching complex currently under construction and $21 
million for a new SATURN launching complex; the 1960 supple- 
mental funds will be used to modify an existing stand for use with 
the AGEN A-B vehicle. 

Mr. THomas (reading) : 


The complex will include a staging building separately funded, 


Where is it funded ? 

General Osrranper. It is shown further on, on page 415-15. 
Mr. Osrerrac. Is this at Canaveral ? 

General Ostranper. It is all at Canaveral. 


HYDROGEN SYSTEM 


Mr. Tuomas. There is a little item on 415-4 and 5. Put that in 
the record. 
(The pages referred to follow :) 


HYDROGEN SYSTEM 
1. Description and justification 


Large quantities of liquid hydrogen will be required for SATURN upper 
stages. Because of its low-boiling point and high flammability, special handling 
and storage techniques are necessary. Tank trucks will transport liquid hydro- 
gen to the launch site from a generating plant 160 miles distant. The need for 
a closed-cycle loading system dictates the requirement for storage and transfer 
facilities at the launching complex currently under construction. Explosion- 
proof wiring, vacuum insulation of the storage tanks, and remote control of the 
fueling operation from the blockhouse are required. 

Service tower modifications will also be required, including the installation of 
explosion-proof wiring and hydrogen venting capabilities. These features are 
not included in the structure currently under construction. 


53552—-60—-pt. 3 26 
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2. Cost estimate 





I, ala theses ins ae ipa wip aa re enn ai $440, 000 
Evaporation system and helium heat transfer system___-----._--~- 176, 000 
as ccna: Seppo mscvenie seas enue cetera 296, 000 
ee go eesnenubinin anaes Soeneemnempanoner ip 484, 000 
a wt ceraeer ep en enerapeneeinan gestern Sraurerge on 304, 000 
Neen nL pranas brands dcapdvesenenevena te sochesersbetense wile uonerch 39, 000 
i a nS en SEN ee ee Seem meme emma 110, 000 
Blockhouse indicator and control station___-._.--_-._-_--------------- 139, 000 
I estat debe naciniggeaerennagnereneomminngeiainiay 7, 000 
a ocenesreneereencaiawtnds uradbab drementingeababanersiesenabeynn'en 182, 000 
Vara muses ho Con o: Soperatis........... .  eiedincnineen 63, 000 
OR |) ee 120, 000 
a sical sepnnieprinivape nbiarasite ign Saaestotyniinmiasoeranet 60, 000 

Ie dae best wee beah Green sib denied 2, 500, 000 


8. Construction schedule 
Total estimated completion time, 18 months. 


Mr. Tromas (reading) : 


Large quantities of liquid hydrogen will be required for SATURN upper 
stages. Tank trucks will transport the liquid hydrogen to the launch site 
from the generating plant 160 miles away. 

Where is that plant located ? 

Mr. Horner. West Palm Beach. 

Mr. Tuomas. Who operates that? 

Mr. Horner. Air Products. 

Mr. Tuomas (reading) : 

The need for a closed-cycle loading system dictates the requirements for 
storage and transfer facilities at the launching complex currently under con- 
struction. Explosion-proof wiring, vacuum insulation of the storage tanks, and 
remote control of the fueling operation from the blockhouse are required. 

Service tower modifications will also be required including the installation— 
Do you have one there now or is this a brandnew one? 

General Osrranper. The service tower has to be modified because 
we have recently made the decision to go to the liquid hydrogen 
propellant for the upper stages. 

Mr. Tuomas. Is this modernization money or is this construction 
from the ground up? 

General Ostranper. On the hydrogen system, this is a complete 
hydrogen storage and loading system. 

Mr. Tuomas. This is brand new ? 

General Osrranper. Yes. 

Mr. Tuomas. Do you have a duplicate of this? 

General Ostranper. Not a hydrogen system. 

Mr. Utmer. This is the system for the stand now under con- 
struction ¢ 

General Osrranver. That is right. 

Mr. Troomas. Regardless of the cost of this, you have to have it, 
do you not? 

Mr. Utmer. Yes, sir. 

Mr. Tuomas. Your alternative to spending this $214 million is to 
transport it and take a chance on getting it that 160 miles when you 
need it, is that it? 

General Ostranpver. We simply would not be able to load it from 
tank trucks as it came in from the plant directly into the missile. 
We have to have provisions for storing it. 
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Mr. Tuomas. When it is delivered to you by tank, what is the 
temperature of it? 

General Osrranper. Minus 423°. 

Mr. Tuomas. What is the nature of the transport tanks ? 

General Ostranver. It is an insulated, I believe, stainless steel 
tank. 

Mr. THomas. How long would it last in the tanks? Suppose you 
were delayed in the use of it 24 hours, could it stay in the tanks 24 
hours ¢ 

General Osrranper. It would boil off. I do not know the exact 
rate of boiloff, but we would lose a certain amount of it. 

Dr. Strverstern. We are currently taking hydrogen across the 
country in trailers and with the loss of 10 percent on a trip across the 
country. 

Mr. THomas. You are taking this 160 miles. How much loss would 
there be to let it stay in the tank 12 or 15 hours? Suppose you had a 
mishap and you had to delay 18 or 24 hours. 

Mr. Horner. Mr. Chairman, I think more important is—we are 
talking about one servicing here of as much as 120,000 pounds. It 
would take a fairly long row of tank cars to haul that. 

Mr. Tuomas. How much do you transport by one tank car? What 
is it transported by, trucks or tank trucks? 

Dr. Drypven. Tank trucks. 

Dr. Sttversrern. 120,000 pounds is a little over 200,000 gallons of 
liquid hydrogen. 

Ir. Dryden. What are the tanks used in transport across country 
now, 5,000 gallons / 

Dr. Sttverstrin. Yes. 

Mr. Tuomas. You use how many truckloads in one firing? 

Dr. Drypen. Forty truckloads in one firing. 

Mr. Horner. It would be completely impractical to unload from 
40 trucks into one missile for one firing. 

Mr. Tuomas. What is the unit cost of this?) Do you buy it by 
pounds or gallons / 

Dr. Sirverstern. Pounds. 

Mr. Tuomas. What is the unit cost ? 

Dr. Stiverstern. It will be, at this level, around 25 cents a pound. 
This is a guess because we have not brought it in this quantity before. 

Mr. THomas. What is the nature of this construction ? 

General Osrranper. In the hydrogen system it consists largely of 
insulated storage facilities for the hydrogen and for pumping facili- 
ties to actually load the hydrogen into the upper stages of the missile. 

Mr. Tuomas. How thick are the walls? Do you use reinforced 
steel with a couple of dead-air spaces in there? What is the nature 
of the construction ? 

General Ostranprr. The tanks themselves are made of stainless 
steel. I believe they are insulated witha 

Dr. Drypen. This has a vacuum-type system like a thermos bottle. 

Mr. Tromas. A couple of walls and dead space. 
concrete ? 

Dr. Drypen. Steel. 

Mr. THomas. How many of these tanks will you build? 


Dr. Drypen. Do you know whether this is a single tank? I do not 
recall. 





Is it steel or 
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General Ostranper. I don’t know the total capacity. 

Mr. Tuomas. These figures do not mean anything to you and they 
do not mean anything to us. do they? It will take 18 months to builk | 
it. What will you do in the meantime ? 

Dr. Drypen. We have considerable backup data for this. It is a 
question of how much to bring into the committee room. It is awful 
hard for a person to remember all of it. We can get any of it that you 
want. 

Mr. Tuomas. Can you tell us what your construction cost a square 
foot is, how big your tanks are, and how many of them you will 
have ? 

Dr. Drypen. I do not. believe that this is located in the building at 
all. They usually build tanks outdoors like gasoline storage tanks, 
sitting up on a concrete wall. 

Mr. Tuoomas. How many tanks will there be ? 

Dr. Drypen. I am sure there will be more than one. It would be 
foolish to put all of this material in a single tank. 

Dr. von Braun. On page 414, it is shown what is intended to do. 

Mr. Tuomas. Have we ever built one of these ? 

Dr. von Braun. Smaller tanks of this kind have been built. This 
illustration shows it. 

Mr. Tuomas. Do you have one at Huntsville? 

Dr. von Braun. No, sir. 

Mr. Tuomas. Where is one in existence ? 

Dr. von Braun. There is a small one in existence at the Pratt & 
Whitney plant at West Palm Beach. 

Mr. Tomas. Is it a pilot plant? 

Dr. von Braun. No. It is sizable, quite sizable. They use it for the 
development of the CENTAUR engine. The liquid hydrogen tank 
pumps the liquid hydrogen into that tank and they take it out as they 
need it for the test. 

You see the facility here. Here is a big storage tank and this is 
the vacuum-jacketed fueling line going up to the missile site. 

Mr. Tuomas. Is thisall underground storage ¢ 

Dr. von Braun. No, sir; ove rground storage and the pipe is also 
overground, with the ce of the pad area itself. 


NEW SATURN LAUNCHING COMPLEX 


Mr. THomas. The new SATURN launching complex will be $21 
million. Put pages 415-6, 12, and your cost estimates on 415-13 and 
14 in the record. 

(The pages referred to follow :) 


New SATURN LAUNCHING COMPLEX 

1. Description 

This project provides for the construction of a second, completely independent, 
SATURN launching complex at the Atlantic Missile Range. The proposed new 
complex will provide a backup for the facilities presently under construction 
and a capability for increased firing rates. The proposed location for a new 
complex is north of the SATURN complex now under construction. Plot plans 
and sketches of the facilities proposed for construction under this project 
are shown on the following five pages. 
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Blockhouse.—The blockhouse will be a concrete igloo-type structure for the 
protection of personnel,and instrumentation during test firings. The dome will 
be constructed of reinforced concrete 5 feet thick covered with 7 feet of fill dirt 
and an additional 4 inches of concrete to provide protection against extremely 
high blast pressures. Visual observation will be provided by two periscopes, 
protruding from the top of the dome. 

Launch service structure——The service structure will provide a means of 
erecting the missile on the launch pedestal in stages. It contains platforms 
for servicing and checking out the stages prior to launch. The service structure 
will be approximately the height of a 30-story building. It will be retractable 
to a rear parking area during firings. The bridge cranes will lift and position 
any of the stages of the SATURN vehicle. In the lower two floors of the struc- 
ture, enclosed space will be provided for instrumentation and checkout of the 
missile. 

Umbilical tower.—The umbilical tower will carry fuel lines and power to the 
missile during checkout and prelaunch phases. Shortly before launching, the 
fuel and powerlines will be disconnected and the unbilical arms swung out of 
the way of the vehicle’s path. 

Pad and area development.—This item includes clearing and preparing the 
area for facilities installation; the construction of concrete work in the pad 
area, including the launch pad and pedistal, subpad rooms to house special in- 
strumentation, revetments for the protection of propellent storage facilities, and 
concrete roads within the complex; and extending base utilities such as water, 
electrical power, and communications to the pad area. 

Fuel, liquid oxygen, and high-pressure gas facilities ——Permanent storage and 
pumping facilities are required to provide fuel and liquid oxygen for the 
SATURN booster. Liquid oxygen storage capacity of 1,200,000 pound will be 
provided by a 41-foot-diameter sperical tank. A smaller 13,000-gallon tank will 
be used for topping. The fuel storage facility will contain two 28,000-gallon 
fuel tanks. High-pressure gas will be used in pressurizing the tanks. 

Liquid hydrogen facility—The quantities of liquid hydrogen needed for 
SATURN upper stages will require a permanent storage and transfer system 
for proper handling. 

Ground-support equipment.—This item will provide for long leadtime capital 
items of electrical, mechanical, and electronic equipment for vehicle checkout, 
handling, and launch control. 


2, Justification 


The importance to the Nation of the SATURN program and the urgency of 
attaining desired goals have led to an alteration of certain concepts of operation 
at the launch site. In particular, recent specific guidelines concerning missions 
and schedules have permitted establishment of more firm requirements; and 
recently acquired information concerning blast effects of vehicles which explode 
during launch, has had considerable impact upon earlier concepts. 

In brief, blast studies have established that the booster fuel load of 750,000 
pounds could be considered equivalent to 10 percent of this weight in TNT, and 
that damage to the pad and associated facilities from an explosion of this magni- 
tude would require approximately 1 year to repair. This finding obviously indi- 
eates the need for a second pad to insure maintaining schedules with a higher 
firing rate than one per year. A second consideration was to determine the 
minimum distance between pads to prevent damage to one missile from another 
which explodes on an adjacent pad. The study determined this distance to be 
approximately 4,000 feet. The time for checkout of complex SATURN vehicles 
will require that two missiles be worked on at the same time to meet firing 
schedules. Hence the second finding outdates the previous practice of pro- 
viding common facilities for two pads; distances between pads will exceed 
tolerable runs for measuring leads and propellant lines. It is therefore ap- 
parent that a second, completely independent backup launch complex is neces- 
sary to support the planned SATURN development schedule. 
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3. Cost estimate 


I tence de leiabas a bbs te ia Rnsk ie inte be, cs bake ag $1, 675, 000 
Service structure ____--~ aia cil EA i i ae SB ee a 8, 150, 000 
Railroad and anchor __-_--__--_-~- butte cnietesie $1, 150, 000 
Steel structure_______ ~~ i a De _.. 8, 100, 000 


Moveable platforms____---~-~- lee acer ae 600, 000 
oie ion iste ececpsehrstnni tb bepebets sepgM dS os iki de 280, 000 
Bridge crane 600, 000 


Traction equipment_______--_--- phat ts ie San ein a 900, 000 
Air conditioning and heating___.-.____---_------- 150, 000 
Communications and electrical system_____---~-- 670, 000 


Miscellaneous mechanical equipment__-__-~- 
IO i Sitti s cab greigemiiiee— nek 


pied ctouke 230, 000 
pide vaadaet “ 170, 000 


Personnel escape mechanism___-___-_~- Se 300, 000 
Pad and area development____-__-._-_~- Sieddad hesiibs idea elaine cached ecm sbenshas T, 675, 000 
Launch pad and pedestal____-_-__- pata tigia hae is dees 1, 520, 000 
Site preparation and roads______..---------~- _ 965, 000 
Sree PUNT I es cine scenes eed 900, 000 
High-pressure water system__________-__---_-_- - 840, 000 
Electrical distribution system__.__.___._-___--~- 600, 000 
Communications. cabling... ........-.2 i... 275, 000 
Utilities and domestic water____________~- jE cats oa 125, 000 
Extension of base utilities_._...._.____ nite steeteten sy Ge OO 
ae oe ee ee Sn a 850, 000 
eel and exyeen etovrare faciiitie#..... uo kes 900, 000 
ane names Nt OO i rk cs kk es reese ene nen 250, 000 


Sere: SeaOrt OO RMNONE, ia ee oseeewn< Oia vandaiceiste 1, 500, 000 


So i antiiimnen) Soh, OOD GEe 


Items to be deferred include such items as servicing equipment for hydro- 
earbon fuel, liquid hydrogen, liquid oxygen, liquid nitrogen, and short leadtime 
instrumentation. Approximately $8 million will be required to complete the 
equipment and activation of this facility in the fiscal year 1962. 


, 


}. Construction schedule 





Total estimated cost___- 


Total estimated completion time, 18 months. 
Mr. Tuomas. (reading) : 


This complex provides for the construction of a second, completely independ- 
ent, SATURN launching complex at the Atlantic Missile Range. 

Is there a complete one in existence there now ? 

Mr. Urmer. It is being built now. 

General Ostranper. The one you looked at earlier will be com- 
pleted with funds this year. 

Mr. Tuomas. What did that cost ? 

The proposed new complex will provide a backup for the facilities presently 
under construction and a capability for increased firing rates. The proposed 
location for the new complex is north of the SATURN complex now under 
construction. 

What was vour answer, General? What would be the cost of it? 

General Ostrinper. Of this complex, sir? 

Mr. Trromas. No, the one under construction. 

General Ostrranper. The total cost. is something in the neighbor- 
hood of $21 million, I believe. 
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Mr. Osrertac. That includes everything ? 

Mr. Tuomas. That is the estimated cost on this one. Do you have 
any reasonable cost estimates on the one that is under construction 
now? How far along isit? When will it be completed ? 

General Osrranper. The total estimated cost of the complex now 
under construction is $21 million. It is about 75 percent complete. 
It will be complete in January of 1961. Our first firing on it will be 
the third quarter of calendar year 1961. 

Mr. Tuomas. This is a backup. 

General Ostrranpver. This is a backup, and to take care of the antici- 
pated increased firing rate. 

Mr. Tuomas. What is the completion date on this second one? 

Dr. Drypen. About 18 months. 

Mr. Tuomas. Eighteen months. 


The items to be deferred include such items as servicing equipment for hydro- 
earbon fuels, liquid hydrogen. Approximately $8 million will be required to 
complete the equipment and activation of this facility in 1962. 

It will be around $29 or $30 million rather than the $21 million. 

Dr. Drypen. That is right. 

Mr. Tuomas. What additional facilities will this have that you 
do not have at the one you are building now ¢ 

General Osrranper. The new complex will be designed to take the 
follow-on SATURN vehicles with the four to five stages. Because 
of safety considerations, we have to build the new facility in an area 
north of the present land area at the cape, which is completely un- 
developed, so that we have additional utilities costs. 

Mr. Tuomas. How far is it away from your existing one? It can- 
not be more than half a mile, can it? 

General OsrranpeR. You can see on the plot plan on page 415-7, the 
location with respect to the present launch. 

Mr. Tuomas. How far is it away ? 

General Osrranper. As I remember, it is a little over half a mile 
from the present one. 

Mr. Tuomas. Your blockhouse is $1,675,000. How many square 
feet are there in your blockhouse? What do you need with a separate 
blockhouse if it is a half mile from the other one? 

General Ostranper. There are two reasons: First, the present 
blockhouse simply won’t take the equipment we need, and second, if 
we attempted to use the present blockhouse, the lines, the instrumenta- 
tion lines running to the new complex, would be so long that we 
couldn’t get accurate instrumentation readings. 

Mr. Tuomas. It is not half a mile away, is it? Is that too faraway? 

General OstrANDER. Yes, sir. 

Mr. Tuomas. You canot use your present one. 

How many square feet are there in this blockhouse ? 

Dr. Drypen. It is a beehive shaped structure. 

General Osrranper. I do not have that figure. I can get it for you. 

Mr. Tuomas. Whois going to do this construction job ? 
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General Ostranper. This also will be done under the Corps of En- 
gineers by private contractors. 

Mr. Tuomas. The Corps of Engimeers will superintend it and it will 
be let by competitive bid like the corps usually operates. 

Mr. Ostertac. Do they let the contract, or you ? 

General Ostranper. The corps will. 

Mr. Tuomas. Gentlemen, will the committee come to order? 


STAGING BUILDING 


Mr. Tuomas. Let us take a look at the staging building at the 
Atlantic Missile Range. 

This project provides for the construction of a staging building required for 
the assembly, handling, and mating of SATURN stages. It will provide office 
and laboratory spaces for upper stage contractors, storage area for spares and 
components, and hurricane protection for all stages, including the booster. It 
will contain complete checkout equipment for subassemblies as well as for 
individual stages. 

How large will this building be? 

General Ostranper. This is 25,500 square feet. 

Dr. Drypen. It is a hangarlike structure. 

Mr. Toomas. What does it figure out a square foot ? 

General Ostranver. About $28 a square foot. The primary cost 
on this is this high bay area that we have in it. 

Mr. Tuomas. Air conditioning, plumbing, $220,000: bridge cranes, 
$330.000. 

What is the nature of the construction? Is it concrete and steel? 

General Ostranver. This is concrete and steel frame, I believe, 
concrete block walls. 

Mr. Tromas. Does it have any offices? 

General Osrranver. I think there are a few offices in these lean-to’s. 

Mr. Tuomas. How high will the center of the building be? 

Mr. Utmer. About 50 feet. 

Mr. Tuomas. From the ground to the roof, all the way? 

Dr. Drypen. Yes, sir. This picture shows it. 

It is a hangarlike building. 


ADDITION TO ENGINEERING AND LABORATORY BUILDING 


Mr. Tuomas (reading) : 


This project describes the need for an extension to the existing engineering 
and laboratory building to provide an additional 11,000 square feet of usable 
engineering area. A sketch of the proposed two-story building is shown on the 
following page. 

This is a small item of $300,000. 

Put pages 416 and 418 in the record. 

The building itself will cost $157,000. There are 11,000 square 
feet. How much isthat ? 
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ADDITION TO ENGINEERING AND LABORATORY BUILDING 


1. Description 

This project describes the need for an extension to the existing engineering and 
laboratory building to provide an additional 11,000 square feet of usable engi- 
neering area. 
2. Justification 


The combined demand for laboratory, hangar, and engineering space available 
to the NASA Huntsville facility’s missile firing laboratory at Cape Canaveral 
are already overtaxing available space. The increased workload associated 
with the Juno II and Mercury programs is further aggravating this situation. 
By the time the full impact of the SATURN program is assimilated, additional 
space will be essential if the exacting standards of operation teamwork and 
hardware preparation so necessary to successful launch operations are to be 
maintained. 

For lack of specialized engineering space existing personnel are being tempo- 
rarily housed in laboratory and hangar space and in trailers. This arragement 
impairs efficiency and undermines operational control since personnel whose 
efforts must be closely integrated are spread over a considerable area. Further- 
more, the imperative need for additional space to store, inspect, and set up the 
increasing volume of vehicle components, and the checkout and handling equip- 
ment associated with these advanced programs, most particularly SATURN, 
requires either the complete evacuation of these personnel or the construction 
of additional laboratory and hangar space. The proposed provision of additional 
engineering and administrative space is decidely the cheaper solution and will 
enable an efficiently organized operation. 


3. Cost estimate 
Building Lames 
Air conditioning 


aipcnaiicdilas ia $157, 000 


s — ‘ ; ms ; 64, 000 
nO I J oo capeenian cmieigeinarereeiaha mips eseumabticimatiecicebeieel 53, 000 
UE NRO oa ce ok nc so chen ms fash hia ho desl Ske b h dl nih ab ak tea cas Siac iene 9, 000 
Design and engineering services___________-_____ wise Ue Aes 17, 000 


Total estimated cost___- Pe 


i 


4. Construction schedule 
Total estimated completion time, 12 months. 


General Osrranner. $14 a square foot. 
Various LocaTions 
TRACKING FACILITIES 
Mr. Tuomas. You are getting into some big money in your “Track- 


ing facilities,” $27,500,000. 


At this point, Mr. Reporter, put the table beginning on pages 424, 
425, and 426 in the record. 
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?. Cost estimate 


. . . | . 
Fiscal year | Fiscal year | Fiscal year | Fiscal year 
1959 | 1960 1960, sup- 1961 
| | | plemental 


MINITRACK NET 


Station development and construction 
Initial site development. 
Statian censtruction -__- 
Buildings and utilities ae 
Tracking and data acquisition equipment: 








$784, 000 $450, 000 
777,000 | 


New electronic equipment, antenna arrays, and | 

receivers - . J ; ‘ ‘ ‘ : sd)” Rg Oe Th dock be0=deaaul 
Modification kits_. oa | 1,000, 000 | ‘aieaille ecieaalll 
Telemetry equipment- 500, 000 Looe . 
Data-acquisition antennas_._- 400, 000 
Tracking filters and new minitrack electronics. | 300, 000 
Command transmitters and modifications, and 

ealibration antennas 100, 000 
Wide-band data-acquisition equipment 200, 000 


High-gain antennas and special equipment for } 
meteorology and precision tracking. -_. J isis jell 600, 000 
Optical components 250, 000 
Portable electronic ranging and support equipment 950, 000 
Special equipment for calibration and timing-- 300, 000 
a processing and handling equipment 
Automatic data read-out units 
Data receiving, recording, and conversion units 





500, 000 
700, 000 


Total, minitrack net... ...-- , ane 95, 000 4, 205, 000 4,750,000 


DEEP SPACE NET 
Station development and construction 


Construction of permanent technical facilities 1, 300, 000 














Construction of permanent support facilities 1, 700, 000 
Tracking and data acquisition equipment 
Initial Woomera receiving equipment and installa 
tion 1, 547, 000 1, 500, 000 
Initial South Africa receiving equipment and in 
stallation 2, 000, 000 
Goldstone transmitting equipment and installation 1, 003, 006 
Improved receiving and tracking support equip- 
ment 3, 000, 000 
Initial trajectory measurement equipment and 
facilities 1, 000, 000 
Data processing and handling equipment: Data proc 
essing equipment for tracking and telemetry 1, 000, 000 
Total, deep space net 2. SAD, 000 3. 500. 000 8, 000, 000 
MERCURY NET 
tation development and construction 
Initial site development 2 700. 000 
Station construction $2. 245. 000 2 400. 000 
Power generators and equipment shelter 100, 000 690, OO 
Ship modifications. 2. 000, 000 
Tracking and data acquisition equipment: Procure 
ment of long lead time radar equipment 2, 425, O04 ‘i 
Precision radar systems 1, 750, 000 
Accessory equipment for radars. --_. . 5, 000, 000 
Precision radar support equipment 2, 500, 000 590, 000 
Active acquisition aids 1. 900. 000 
S-band radar equipment 250, 000 400, 000 
Seaborne radar and stabilization equipment 200, 000 
Radar aCCeSSOTY and modification equipment 500, 000 
Data processing and handling equipment 
Digital data handling and telemetry equipment. 1. 500. 006 
Command trar itter and vehicle communica- 
tions equipment 1, 345, 006 
relemetry recording and data handling equipment 2, 000, OOK 
Data transmission equipment 300, OOK 
Communications and computer equipment 3, 100, OO 
Extension and improvement of ground communi 
cations equipment 500), 000 
Vehicle to earth communications equipment 100, OOO 
lelemetry and radar data processing and display 
equipment 425, OO 2 800, 000 
Demonstration, test, and checkout equipment 
rest and checkout of station equipment.. 3. 000. 000 
Special test equipment 1, 800, 000 2. 200, 000 
Total, MERCURY net.... 2, 425.000 | 28, 995, 000 7.000. 000 15. 000, 000 


Total, estimated cost... c 5, 070,000 | 36, 700, 000 7. 000. 000 7, 750, 000 





jt 
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Mr. THomas. These show for 1959 you spent $5,070,000 for the 
tracking system, $36,700,000 for 1960, and you want $27,750,000 this 
year. 

This is construction money. Over in R. & D. for operations you 
have another item for your tracking systems of $32 million. How 
many did you take over that were not accounted for from the IGY ? 
Was it 14,15, or 17? 

Dr. DrypEn. Do you have the number of minitrack stations? 

Dr. StrversTern. We will have a total of 14 at the end of this year. 
We took over 11 and canceled 1, leaving 10. We have added four. 

Mr. Tuomas. For fiscal year 1961, counting your construction costs 
and at least a fair value for those you took over, plus your opera- 
tion cost, how much money have you got tied up in stations for fiscal 
year 1960? 

" Ts it around $92 or $95 million ? 

Dr. Drypen. Pretty close to that; yes, sir. 

Mr. Tuomas. Mr. Reporter, put pages 419 through 423 in the ree- 
ord at this point. 

(The pages referred to follow :) 


TRACKING FACILITIES 
1. Description and justification 


This project covers improvements to be made to existing tracking facili- 
ties by the addition of basic tracking, data acquisition, communications, and 
computing capability essential to the accomplishment of new and more com- 
plex missions. Major objectives of the 1961 program include: 

(a) Construction of special meteorological data acquisition equipment 
and improved tracking equipment. 

(b) Continued improvements and modifications to the minitrack stations. 

(c) Establishment of a new portable optical tracking equipment. 

(d) Establishment of new initial trajectory tracking equipment for deep 
space vehicles. 

(e) Establishment of flexible receiving capability at new deep space sta- 
tions far various frequencies. 

(f) Improvement of facilities and data handling capability at deep space 
stations. 

(g) Completion of instrumentation and construction of Project MER- 
CURY tracking stations. 

A more detailed discussion of the proposed improvements follows : 

Facilities for satellite electronic and optical tracking (minitrack net).—At the 
beginning of the fiscal year 1961 there will be 14 minitrack electronic satellite sta- 
tions at the following locations: Blossom Point, Md.:; San Diego, Calif.; Fort 
Myers, Fla.; Antigua Island, West Indies; Quito, Educador; Lima, Peru; Anto- 
fagasta, Chile; Santiago, Chile; Woomera, Australia; Esselen Park, South 
Africa; Newfoundland; Fairbanks, Alaska: East Grand Forks, Minn.; and 
England. The station in England will not be operational until the last quarter 
of 1960. These stations will aid in the tracking of satellites in high inclination 
orbits and of polar orbiting satellites and will have been adapted to the new 
tracking frequency of 136-137 mes. by the end of the fiscal year 1960. Improve- 
ments are required in automatie read-out equipment to expedite data collection 
and to permit the tracking of a greater number of satellites. 

As more satellites are launched and remain in orbit, automatic data-read-out 
equipment will be needed for the minitrack stations to permit more rapid data 
collection, and to permit the simultaneous tracking of the greater number of 
Satellites in orbit. Data acquisition antennas will be procured for five stations 
for receiving greater quantities of data. New data recording and conversion 
units will be procured for telemetry purposes. Improvements will also be 
made in the telemetry receivers to accommodate the transmissions of data from 
new and more complex satellite payloads. Command transmitters will be modi- 
fied and up-dated to meet the requirements of new satellites. 

Meteorological satellites to be launched in the fiscal year 1961 will incorporate 
instruments for transmitting considerable more complex information than is 
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generated by most other types of satellites. This additional complexity is com- 
parable to the difference between transmissions of information of a few words 
at a time and transmissions of whole sentences or paragraphs of information at 
atime. Technically, the acquisition of complex information from satellites, such 
as the cloud cover television pictures which will be transmitted from meteor- 
ological satellites, requires wide bandwidth receiving systems on the ground. 

At present, use is being made of non-NASA facilities at Deal, N.J. and Kaena 
Point, Hawaii on a reimbursable basis. Although these stations have certain 
capabilities (high-gain antennas) for meteorological satellites, they were not 
designed for this use and are available to the meteorological program on a time- 
sharing basis only. While these stations will serve the needs of the meteorologi- 
cal program during early exploratory tests, it is necessary that NASA develop, 
on a full-time basis, data acquisition and display devices and techniques which 
will serve as prototypes when turned over to an operating agency. The equip- 
ment to serve this purpose will consist of a high-gain antenna with supporting 
wide band receivers, recorders, and data display devices. This equipment will 
be originally located at Blossom Point, Md., one of the minitrack sites. Ade 
cuate land is available and it is readily accessible to NASA and Weather Bureau 
scientists who are carrying out the meteorological program. As the program 
progresses, this equipment will be redeployed to other minitrack sites if expan- 
sion of world coverage is found necessary. Concurrently this equipment can be 
utilized in the planned installation of a more precise tracking system which will 
be inherently more accurate than the present minitrack svstem. A more acecnu- 
rate tracking technique is needed for future measurements in scientific programs. 

The existing 12 Baker-Nunn optical stations, which are permanent tracking 
camera installations installed and operated by the Smithsonian Astrophysical 
Observatory, are located as follows: Hobe Sound, Fla.: Curacao, N.W.1.; 
Arequipa, Peru: Villa Dolores, Argentina: Olifantsfontein, South Africa: Cadiz, 
Spain: Shiraz, Iran: Naini-Tal, India: Woomera, Australia: Mitaka, Japan: 
Haleakala, Hawaii: White Sands, N. Mex. It is contemplated that additional 
optical sites consisting of mobile. nontracking type cameras will be needed for 
geodetic satellites. These cameras will be used to provide the highly accnrate 
data needed for determining the relative location of various land masses with 
the aid of satellites. Photographing the satellite in relation to known star po 
sitions can give accuracies of a few seconds of are. The cameras will be moved 
periodically to new sites where new measurements are to be made to acquire 
the necessary map data. It is contemplated that these stations will have elec 
tronic ranging capability, command capability, and timing telemetry capa 
hility 

Facilities for deep space stations (deep space net).—The tracking and recep- 
tion of telemetry data from space probes require the provision of special, highly 
sensitive receiving svstems located at several points on the earth’s surface. These 
stations also provide a potential means for wide bandwidth data reception 
Each station will ultimately consist of two separate 85-foot parabolic antennas, 
one for transmitting and one for receiving signals. Associated with each is 
the supporting electromechanical equipment for controlling the antenna and the 
electronic receiving equipment and transmitting equipment. 

The minimnm requirement in connection with deep snace vehicles is for three 
tracking stations spaced about 120 degrees apart on the earth’s surface. These 
stations must he in locations where there is liffle or no electrical disturbances 
from other activities to interfere with the faint signals received from space 
vehicles. The JPL facility at Goldstone (Camp Irwin). Calif., is the only cur 
rently onerational deep snace station. It is expected that a second station 
in Woomera, Anstralia, will be operational during the fiscal vear 1960. A third 
station in South Africa is scheduled to he completed during the fiscal vear 1961 
The NASA will continue to make use of the Jodrell Bank 250-foot antenna sta- 
tion in England on a cooperating basis. Substantial portions of the receiver 
equinment for 960 mes were purchased for Australia and South Africa in the 
fise] vear 1980. 

The three stations have rrogramed an onerational canahilitv for recention at 
onlv a single frequency (960 mes). It is necessary to increase this minimal 
receiving canahbility to several other frequencies (136 me, 183.6 mes, 378 mes, 
225-980 mes) in order to meet the requirements of the NASA lunar and satellite 
proeerams and for snecial reqnirements 

The stations will also require improved data handling equinment to nrovide 
a capability for processing large quantities of tracking and telemetry data 
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automatically. This will improve the accuracy, reliability, and capacity of the 
network. Such capability will also permit more rapid relay of data between the 
stations in the network. These improvements will facilitate the use of these 
stations for handling lunar probes, communication satellites, meteorological 
satellites, highly elliptical scientific satellites, and for certain other special 
applications. 

Except for some technical facilities programed for Woomera, the other 
stations in the deep space network have no permanent technical, utility, or sup- 
port facilities. Technical and utility facilities such as permanent control build- 
ings, roads, air conditioning, water, sewage, antenna feed servicing tower, and 
fuel storage are required to insure reliable operation. Since there are virtually 
no back-up type facilities available, efforts must be made to insure continuous 
operation over extended periods of time despite climatic condition or utility 
variations. In like manner, the operational staff will require permanent hous- 
ing, mess, and administration facilities. For illustration, the lunar hard land- 
ing mission planned for 1961 would require each station staff to operate almost 
continuously for approximately 1 month. 

Lastly, a facility is required to track deep space vehicles very precisely during 
the first portion of flight close to the earth, but beyond the launching range in- 
strumentation, in order to provide the data necessary to point initially the 85-foot 
dishes. This facility will possess high tracking rates (six times those of the 
§5-foot dish) and precision ranging equipment necessary to establish a semi- 
definitive orbit in a short time period. The location of such a facility is dic- 
tated by the trajectory employed since the powered flight is interrupted and a 
period of coasting allowed. During the coast period the vehicle will generally 
leave the the area covered by the range instrumentation. Therefore, when the 
final portion of powered flight is initated, more tracking data must be obtained 
to ascertain the new trajectory. This initial trajectory tracking station will be 
eolocated with the South African station but installed in a manner permitting 
relocation if new types of trajectories are later selected. Since the station 
tracks the payload signal, the majority of the equipment is designed for the 
o0-megacycle band. Funds will be used for the procurement and installation 
of antennas, servos, feeds, transmitter, and ranging equipment. It is expected 
that advanced projects in the future will require additional facilities of this 
type. 

Facilities and equipment for support of manned space flight (Mercury net) .— 
Proper execution of the manned satellite program requires the installation of 
various tracking radars, acquisition equipment, telemetry equipment, com- 
munications equipment, and many associated items. <A belt of approximately 
16 stations encircling the earth is being established to insure means for safe 
injection into orbit, midcourse tracking and communication, and precision de- 
termination of reentry and impact point. Great emphasis must be placed on 
assuring recovery of the vehicle. Therefore, a high order of reliability is neces- 
sary. Backup equipments and systems are employed to increase reliability. 

The work to be done under this project includes completion of station con- 
struction tasks, particularly affecting the ship stations and Australian and 
African stations. 

Additional electronic tracking equipment and services remaining to be pro- 
cured consists of modifications on S-band radar equipment for the U.S. mainland: 
a seaborne radar tracking equipment together with stabilization equipment for 
installation aboard a ship in the southern California area in the event of such 
a requirement: and radar accessory and modification equipment, requirements 
for which cannot be fully determined prior to early demonstration tests. 

Additional requirements for data processing and handling equipment ineludes 
computer and communications equipment for data handling: extended and 
improved ground communications to obtain high reliability, especially in the 
United States to Bermuda links where initial orbit conditions are most critical : 
additional communications items for the vehicle-to-earth link; and telemetry 
and radar data processing and displays which will be angmented, based on dem- 
onstration and tests of early prototypes now being purchased. 


Mr. THomas (reading) : 


This project covers improvements to be made to existing tracking facilities 
by the addition of basic tracking, data acquisition, communications, and com- 
puting capability essential to the accomplishment of new and more complex 
missions. Major objectives of the 1961 program include— 
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It is not only improvements, but it is building from the ground up 
of a good many brandnew ones and powerful ones 

(a) Construction of special meteorological data acquisition equipment and 
improved tracking equipment. 

(b) Continued improvements and modifications to the Minitrack stations, 

Are they your old stations, the low range / 

Dr. Drypen. The frequencies whic h were assigned during IGY 
were temporary—108 megacycles. The frequency allocated for the 
permanent use of Minitrac k stations is 136-137. 

Mr. Tuomas. Basically, what is the difference between these old 
Minitrack stations and the new ones you want to build ¢ 

Dr. Drypen. There are no new stations in here, are there ¢ 

Mr. Tuomas. Yes, there are plenty of them. 

Dr. Sitverstern. There are four new stations. 

Dr. Drypex. Not in this budget. They were built in previous 
budgets. 

Dr. Smurverstern. Equipment modifications are still occurring in 
this budget. 

Mr. Tuomas. I am talking about the whole program, not just the 
Minitrack stations. You are building 12 or 15 new ones. 

Dr. Strverstern. If I may review them, there are three nets, the 
Minitrack net, the MERCURY net, and the third one is the deep 
space net. Now, we have some 14 stations in our Minitrack net, dis- 
tributed around the world, which do satellite tracking, low-altitude 
tracking at a frequency of about 136 megacycles. The deep space net 
has three principal stations, one in Goldstone, Calif., one at Woomera, 
Australia, and one at South Africa. 

Mr. Tuomas. Are they in operation now ? 

Dr. Strverstrern. No, sir. Just one of them is in operation now. 

Mr. Tuomas. That isthe one in California ? 

Dr. Strversrern. Yes, sir. 

The third net is the MERCURY net which is currently being in 
stalled and it will have 16 active tracking stations, plus 2 other sta- 
tions, a command station and a communication data control center. 

Mr. Tuomas. How many units are there in the MERCURY track 
ing, 16% 

Dr. Strverstretn. There are 16 tracking units, but 2 additional sta- 
tions that are part of the net, making 18 in all. 

Mr. THomas. How many of those are under construction ? 

Dr. Srrverstern. They are all under construction in one form or 
another. 

Some are coming out earlier than others. 

The program has been designed so that the net will have the capa- 
bility required for our short early flights and for the later flights it 
will have the full capability. 

Mr. Tuomas. What part of this $27,750,000 will be used to con- 
struct new stations and where will they be constructed ? 

I thought all your MERCURY stations were practically new and 
you would not use this money for that. 

Dr. Strverstern. They are. Part of the work had been started in 
previous budgets. 

In the supplemental budget $7 million was requested to maintain 
scheduled construction rate. 
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Some $15 million of this money is to finish the MERCURY net. 

Dr. Drypen. $2,400,000. is for station construction. 

Mr. Tuomas. Will this amount complete all your stations or is this 
another downpayment ¢ 

Dr. Drypen. There may be some additional requirements—the 
Woomera station was financed completely in 1959 and 1960. Funds 
for the South Africa station were appropriated in 1960. 

Mr. Tuomas. My justification does not have that good information. 

Dr. Drypen. It is in the table showing the moneys in 1959 and 
1960 and 1961. If you will read on page 425 under tracking and data 
acquisition equipment “Initial W oomera receiving equipment and in- 
stallation,” $1,547,000 in 1959 and $1,500,000, 1960, nothing in the 
supplemental, or 1961. 

Mr Txomas. Does this complete it in 19607 

Dr. DrypEen. It completes its capability except for such continuing 
capital improvements that may be 1 equired. 

Mr. Tuomas. How many are there in the deep space net? 

Dr. Drypen. Three stations. 

Mr. Tuomas. One of them is in existence now in California / 

Dr. Drypen. That is right. 

These are stations with antennas 85 feet in diameter. 

As far as the minitrack net is concerned, there is one item of station 
construction, $450,000. 

Dr. SuLversTEIN. Yes. 

Dr. Drypen. The rest of the items are equipment, data acquisition 
antennas, tracking filters, new electronic equipment, ete. All of these 
stations are being equipped so they can send command signals to 
satellites. 

Mr. Tuomas. Can anybody break down this $27,500,000 into new 
construction, then into your component parts, and then what part you 
are using to complete construction heretofore started? Is that avail- 
able? This table is very good, but it will take a couple of weeks to 
go into the table. 

Dr. Suverstein. I think I can break it down. I think $3,450,000 
of this could be classified as new construction of buildings. 

Mr. Tomas. Where are they located ? 

Dr. Strversrern. The $450,000 is part of the minitrack net, the 
$1.3 million plus the $1.7 million shown on page 425 

Mr. Tuomas. That is in the deep space? 

Dr. Srnverstern. Yes. That is for Australia, South Africa, and 
California. 

Mr. Tuomas. You say “construction.” What kind of construc- 
tion is that, housing or buildings ? 

Dr. Sttverstetn. Permanent buildings at these stations to house 
equipment and the people and to provide for continuous operations. 

Mr. Tuomas. That is $3 million. 

Dr. Stiverstern. Yes. 

Mr. Tuomas. That is $3.4 million for buildings. 

Dr. Sutverstern. $3 million for the deep space net. 

Mr. Tuomas. $3.4 in total. In your deep space, you have $3 mil- 
lion. 

Dr. Stiversrery. The MERCURY group is next, and the item 
shown here is $2,400,000 under station development and construction. 

Mr. Tuomas. Is that all buildings? 
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Dr. Stiverstern. There are buildings to house the technical equip- 
ment and in some cases to take care of the people who have to stay 
at these remote sites. 

Mr. THomas. Your minitrack is $3.4 million. At how many sta- 
tions do you spend that amount of money ? i 

Dr. Strverstetn. The $450,000 was the figure that I had for the 
minitrack; the $3.4 million included also the deep space net. The 
$450,000 really is based on one site. That is the number shown on 
page 424. 

Mr. Tuomas. That is only $454,000. 

Dr. Stiverstrern. Yes. The $3 million added to that, occurring 
on the next page, is for the deep space net for construction in Australia 
and South A fric: 

Mr. THomas. Y ou have $5,850,000 for construction, including the 
MERCURY net? 

Dr. Surverstern. Yes. 

Mr. Tuomas. Is this all new construction? Has it already been 
started or will it be funded out of the 1961 money ? 

Dr. Srversrern. The MERCURY network has been started. 
These funds essentially are to complete the construction at many 
sites. The other money is for starting. The $3.450 million is new 
construction ; the $2.4 for the MERCURY nets will be a continuation 
of work underw ay. 

Mr. Tuomas. What is the size of the building? 

Dr. Stiverstern. There are several buildings. One building houses 
technical equipment. There are outbuildings for some of the auxil- 
iary equipment. There are fuel storage cribs, pumping stations and 
other minor buildings. 

Mr. Tuomas. That is roughly $6 million. How do you account 
for your other $21,750,000? 

Dr. Sriverstern. It is largely new equipment that is being added 
in these nets to increase their capability. In the minitrack net, for 
example, we are providing for such items as automatic readout of the 
data. We will have a number of satellites in space at once, and it will 
be necessary to get data from them in a continuing process. We are 
providing equipment to change frequencies as required. 

Mr. THomas. You have $5 million for several types of equipment 
under your deep space. 

For your minitracks, what do you have? 

Dr. Stiverstern. For minitrack, we have a total of $4,750,000 from 
which I subtract the $450,000 previously mentioned for construction, 
and I will get $4,300,000 for equipment. 

Mr. Tuomas. What about your MERCURY net? 

Dr. Stiverstern. In the MERCURY net, we are, as you know, 
putting in 18 stations with the various equipment that is required. The 
particular items are listed here, the various systems we are spending 
money on in 1961. 

In particular, we have to modify some of the S-band radar equip- 
ment with new parts, to modify and bring them up to date for longer 
range detection. 
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Mr. Tuomas. There is $15 million for MERCURY. Is this all new 
acquisition of equipment? 

Dr. Sttverstern. New acquisition and modification of some exist- 
ing S-band equipment we now have. 

Mr. Utmer. Except for the $2.4 million for construction; so it is 
$13.6. We are requesting for equipment or for equipment moderniza- 
tion. 

Mr. Triomas. How firm is this figure of $15 million? You have cov- 
ered about 15 or 20 items. Can you come within 20 percent of it 
and, if so, how do you arrive at your estimate? 

Dr. SutversTEIn. We, of course, are working with Western Electric 
in this contract and have estimates from them for these various piéces 
of equipment. How firm they are, I cannot say. 

Mr. Tuomas. Who is your general contractor? Were you able to 
give us an answer to that question? How firm this figure of $15 mil- 
lion is? 

Dr. Strverstern. I think it could be classed as a good engineering 
estimate. 

Mr. Tuomas. Who is your prime contractor here ? 

Dr. Stiverstetn. Western Electric Co. on the MERCURY net. 

Mr. Tuomas. Do they bid on this? Do you turn them loose with a 
cost-plus contract ? 

Dr. Supverstern. A negotiated contract. 

Mr. Tuomas. Does he manufacture the equipment for you ? 

Dr. SILversTEIN. Part of the equipment he manufactures, part he 
subcontracts for. 

Mr. Tromas. That is Western Electric? 

Dr. SuVersTern. Yes, sir. 

Mr. Osterrac. It is part competitive and part negotiations ? 

Dr. Sitverstern. The contractor was selected by negotiation among 
a number of people who offered proposals. 

Mr. THomas. Does Western Electric do the manufacturing, go to 
the field, and also do your construction ? 

Dr. Stuverstern. They are the general contractors. 

Mr. Tuomas. I thought they were the manufacturing unit for the 
A.A. & T. I did not know they went to the field and built. 

Dr. Surverstern. They have had experience in this type of work be- 
fore, in managing large installations of radar equipment. 

Mr. Jonas. If the chairman will yield, they had the prime contract 
forthe NIKE. ‘They have been in this ever since we have been work- 
ing on that, is that right ? 

Mr. Tuomas. Also for the DEW line. Here is an item that needs 
a little explanation: Test and checkout of station equipment, $3 mil- 
lion; special test equipment, $2,200,000. That is $5,200,000. What 
do those two items mean ? 

Dr. Sttverstern. When you install a station, you have to make sure 
that the station is operating properly and one process you use is to 
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send airplanes aloft with the right beacon equipment in them, fly over 
the station and zero in the station on the equipment in the air plane. 

Mr. Tuomas. How do you arrive at that figure of $3 million? | 
went on a plane. We checked out 27 in 1 day not long ago. 

Dr. Drypven. This is comparable to the FAA flights to check out 
their beacon systems. 

Mr. Tuomas. How do you get $3 million out of it? 

Dr. Drypen. There are 18 sites all over the world at which this 
calibration has to be made. 

Mr. Tuomas. Who does it for you? 

Dr. Sttverstetn. It will be contracted. 

Mr. Tuomas. Who is your contractor? 

Dr. Sttversrern. We have not as yet contracted for many of these 
checkouts. The stations are not completed. We are in the process 
of preparing the specifications. 

Mr. THOMAS. This figure of $3 million is pretty much of a guess 
figure ? 

Dr. Drypen. It is based on the cost of chartering aircraft. Many 
countries require that we use only civil aircraft in this work. ; 

Mr. Tuoomas. Can the FAA not dothis? They are the best experts 
we have on it in this country. 

Dr. Drypen. They would have to turn over an airplane and install 
a lot of equipment for this purpose. 

Mr. Tuomas. They have the equipment and the planes. 

Dr. Drypen. They do not have the equipment to check this type of 
station. 

Dr. Sitversrern. This is special equipment to check the particular 
ground equipment we have. There is quite a bit of ground equipment. 
You have not only to check the radars, of which there are two types 
on the various stations, but also the various stations at their various 
frequencies. 

Mr. Tuomas. Does it require special equipment ? 

Dr. Stiverstern. In the airplanes; yes. 

Mr. Tuomas. How do you arrive at your contract with your prime 
contractor on this equipment? Is this a straight negotiated bid? 

Dr. Sttverstern. We started off by calling a meeting and dese ‘ribing 
the specifications to a group of some 24 different contractors 

Mr. Tuomas. How many people in this country are ale in 
making this type equipment? General Electric and Western Electric? 

Dr. Drypen. Reeves Instrument Co. 

Dr. Stiverstern. Collins. Many people can make it. 

Mr. Tuomas. There is a lot of competition ¢ 

Dr. Su.verstern. There was good competition. 

Mr. Tuomas. What kind of contract did you finally let? Did you 
sit down and say, “I want so many of X items. Sharpen your pencil. 
We want a competitive bid out of you gentlemen,” or did you turn 
it over to them with a negotiated contract and kiss it off? 
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Dr. Sttverstern. There are some items in the proposals that could 
be handled in that way, but at the time that we entered into this nego- 
tiated contract, because of the leadtime required to establish these 
stations and because of the need to match the MERCURY schedule 
with the tracking net, we were not able at that time even to get into 
many of these countries to find out exactly what sites would be avail- 
able. During that period, in order to move as rapidly as possible 
in this program, we have proceeded with contract negotiations while 
O iertaking through the Department of State negotiations with vari- 
ous countries to arrange agreements for the locations of these stations 
within these countries. 

This has been a continuing process through the whole period of 
building up of the equipment. It had to be done simultaneously. 

Mr. Tuomas. How many of these Minitrack stations are there, 11 
or 14? 

Dr. Sttverstern. Fourteen. 

Mr. Tuomas. You are operating those 14. 

Dr. Drypen. Twelve optical. 

Mr. Tuomas. That makes 26? 

Dr. Drypen. Three deep space. 

Mr. THomas. Is that 24 or 14 Minitrack? 

Dr. Drypen. Fourteen Minitrack, twelve optical stations. 

Mr. Tuomas. Three deep space? 

Dr. Drypen. That is right. 

Mr. THomas. What is that, 16 in the MERCURY? 

Dr. Drypen. ‘The 16 includes some existing military stations. 

Dr. Sitversrern. There are 16 stations in the net. 

Mr. Tuomas. I believe you said in there three of them were operated 
by somebody else. 

Is that going to be a reimbursable cost for the 16 ? 

Dr. Sirverstern. The reimbursable costs where the military operate 
are only those extra costs associated with a particular operation. 

Mr. Tuomas. You have 45 stations. What does it cost you to 
operate them in 1961? 

Dr. Strverste1n. The total cost will be around $50 million. 

Mr. Tuomas. $32 million of it is charged over in R. & D. Is any 
of it charged against construction ? 

Dr. Strversrern. Not for operation. Of the $32 million in R. & D., 
some $25 million of that is for operation ; $7 million is for the develop- 
ment of new equipment; there is another $25 million for the operation 
of the MERCURY net. 

Mr. Tuomas. Where is that $25 million charged to? 

You have it under R. & D., about $7 million for new gadgets and 
$25 million for operations. You have here an additional $27,750,000. 
A big part of it is for new equipment. 

What part of this $27.5 million is for operation and where is 
the rest of the money being funded from? 
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Dr. Stiversretn. None of this $27.5 million is for operation. How- 
ever, in the R. & D. budget you will find an item under the manned 
space flight program for. operation of the MERCURY net and you 
will find another item in the trac ‘king and data acquisition program 
for some $25 million for operation of the other stations. 

Mr. Tromas. Pull it all together where we can get at it in one 
spot. In addition to this $27.5 million, mainly for construction, you 
have another $25 million for operations charged under research 
projec ts. 

Dr. Strverstern. That is right. 

Mr. Tuomas. Then in addition to that you have another $ 42 million 
charged under another program, where $25 million is for operation 
and $7 million is for new equipment. 

Dr. Strversrery. I can point out in the book where these items 
‘an be found. 

Dr. Drypen. Pages 167 and 201 in the second book are the items 
on operations. 

Dr. Sriverstern. On page 167 there is a sum of $24,670,000 for the 
MERCURY tracking network operations and minor equipment. in 
this area and on pages 201 and 202 the cost. of operating the rest of 
the tracking networks are shown; they add up to some $25,300,000, 

Mr. Tuomas. You set out your big sum back here of $32 million 
under a separate head. You charge some to MERCURY. What is 
the other project you charge it to? I wish at this point in the record 
you will pull this together where we can see this. 

Dr. Drypen. MERCURY is a temporary network useful for the 
single project. Most of the equipment is movable and will be moved 
when that project is over, so that cost is shown under the manual 
space flight program. The operating costs for all other tracking sta 
tions which are useful permanently in the program are grouped under 
the tracking and data acquisition program. 

Mr. Toomas. You have 16 MERCURY stations. What will it cost 
you to agente them on an annual basis? How many people will there 
be at each ? 

Dr. Stiverstern. These stations will be operated under contract, 
The estimate right now is that there will be a total of about 550 con- 
tract personne] at all of these sites. 

Mr. Toomas. At the 16? 

Dr. Strverstern. At 16 different sites—actually, at 18 sites. 

We have 16 tracking stations— 

Mr. Tuomas. This is not the Smithsonian group, is it ? 

Dr. Stiverstern. No, sir. As yet we have not contracted for the 
operation of all of these MERCURY net stations. 

Mr. Tuomas. How do you arrive at the $25 million? How do you 
know what it will cost? How are you going to let your contract ! 

What is your yardstick ? 
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Dr. SitversTern. We have experience in the operation, for example, 
of the minitrack net where we have a contractor now. We know 
the approximate number of people it takes to operate these stations. 

Mr. Tomas. Who is your contractor there ¢ 

Dr. StuverstTein. Bendix Aviation. 

Mr. Tuomas. What does that cost you for your 14? 

Dr. Strverstetn. The cost is approximately $3 million in 1960. 

Dr. Drypen. $4,750,000 in 1961, plus $850,000 for data transmis- 
sion, and plus some funds for maintenance and repairs. That is on 
page 2O1, 

Mr. Tomas. Mr. Ulmer, will you pull these costs together for your 
minitrack, deep space, and MERCURY for 1959, 1960, and 1961; 
first, on your construction cost; second, on your parts cost; third, on 
your salaries and expenses cost, regardless of whether you charge it 
here under this budget or the other budget, under R. & D. o 
tions, but I want to see what your operation cost is. 

Mr. Umer. Fine. 

Mr. Tuomas. Include your construction cost. 

Your construction cost ought to have two columns 
equipment and one for construction. 

Mr. Umer. I will be very glad to, Mr. Thomas. 

(The information is as follows: ) 
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Mr. Tuomas. What is the yardstick you use in your minitrack 
stations / 

Did you say that figure was $4,500,000 operating cost a year? 

Dr. Sirverstrern. $4,750,000 for oper ation of the microlock and 
minitrack stations; the figure includes $850,000 for data transmission, 

Mr. Tuomas. What is your yardstick? How did you pick these 
people? Why did you pick them over and above X, Y, or Z? What 
did they have to offer, in other words? 

Dr. Sriverstrern. These people initially were the contractors when 
the stations were first established, when they were a part of the VAN- 
GUARD program. 

They have built up a staff at these stations, many of which are 
abroad, that lives at the sites and is qualified to operate the stations, 

They are intimately familiar with the operations. We have con 
tinued to contract with them. 

Dr. Drypen. At. some of the stations, as I explained, we have been 
able to negotiate arrangements with foreign countries by which they 
carry the complete operating costs. 

Mr. THomas. You have set it out here scattered over 
your justifications. 

Name your contractors and the stations they operate. Let 
one table and what you pay him. 

(The information follows:) 


30 pages in 


us have 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Tracking network operating costs 


seidedinnnciaeenétnenstedeen pe ei 


Network Contractor or operator | 1959 | 1966 | 1961 


Satellite (Minitrack) stations: 
Blossom Point, Md_._______- 
San Diego, Calif 
Fort Myer, Fla 
we — « a a ER ae ssiciioas ; $1, 250, 000 |$2, 450, 000 |$3, 850. 000 
Antofagasta, Chile 1_. cies 
Santiago, Chile! 


East Grand Forks, ‘Minn bs 


Fairbanks, Alaska 2? University of Alaska 
ote 1, British West Indies.| Radio Corp. of America 
Johns, Newfoundland 2 Canada-.-....... . 675,000 | 1,000,000 
Sune Australia_- _.| Australia_. ae : : , , 
Esselen Park, South Africa South Africa 
South England 2 England 
Operation of 3 Microlock sta- | Not selected 25, 000 300, 000 
tions. 
i — = 1, 250, 001 3, 150, 000 5, 150, 000 
Optical stations: 
Hobo Sound, I la 
White Sands, N. Mex 
Haleakala, Hawaii 
Curacao, North West Indies 
Arequipa, Peru Smithsonian Astrophysical Obser 150,000 | 1,456,000 | 2,050,000 
Villa Dolores, Argentina tory. 
Olsens fontein, South Africa 
‘adiz, Spain 
Shirag, Tran di 
Woomera, Australia__. Smithsonian Astrophy ical Obser 
vatory, Australia, Department of 
Supply 
Mitaka, Japan Smithsonian Astrophysical Obser- 
tory, Japan 
Naini-Tal, Ind Smithsonian Astrophysical Obser 
tory, India 
Moon Watch 130 active Volunteer teams oA { 250, O66 250, OO 
Station 
Total at) 


See footnotes at end of table. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION—Continued 


Tracking network operating costs—Continued 


Network 








Contractor or operator 1959 1960 1961 
Deep space stations 
Goldstone, Calif.. Jet Propulsion Laboratory $1, 200, 000 |$1, 280, 000 
Woomera, Australia__- Australia, Department of Supply 300, 000 950, 000 
South Africa Union of South Africa 700, 000 
Trajectory equipment opera- | Not selected 400, 000 
tion 
Total : 1, 500,000 | 3,330,000 
Mercury stations 
Cape Canaveral (Air Force | Department of Defense, Atlanti: 
Missile Test Center Missile Range with NASA man 
ager 
Mid-Atlantic Ship Department of Defense, Atlantic 
Missile Range | 
Indian Ocean Ship do | 
Canton Island Department of Defense, Pacific Mi | 
sile Range } 
Kauai, Hawaii do 
Point Mugu, Pacific Missile do | 
Range | 
White Sands, New Mexico Department of Defense, White $7, 000 | 5,620,000 |26, 550, 000 
Sands Missile Range | 
South Texas do | 
Eglin Air Force Base, Flor- Department of Defense, F n Air |} 
ida Force Base. | 
Bermuda Not selected | 
Canary Islands do | 
Kano, Nigeria do 
Zanzibar, Africa do | 
Woomera, Australia Australia, Department of Supply 
West Australia (Perth do : 
West Mexico Not selected 
Potal 7,000 | 5,620,000 |26, 550, 000 
Non-NASA stations 
Jodrell Bank, Manchester, | University of Manchester 180, 000 200, 000 300, 000 
England 
Fort Churchill, Canada Canada (via—Army cognizance 650, 000 700, 000 
Phototrack stations Society of Professional Photographic 
Engineers 
Japan station for telemetry Japan 
University of Heidleberg University of Heidleberg | 
Kaena Point, Hawaii Air Force Ballistic Missile Division _| | 
Deal, N.J Army Signal Corps ) 0, 000 400, 000 
Special tracking services for | Space Technology Laboratories, Air 
ABLE IV Force Ballistic Missile Division | 
Special telemetry services for Department of Commerce, Weather 
Explorer VII Bureau 
Tota 180. 000 900, 000 1, 400, 000 
Range ind 
e Range st or 
Missile Range Department f Defense, Atlant $26, OOO 1, 500, 000 
1 Missile Range 
issile Range oper Department of Defense, Pacif 200, 000 0), OOO 
Missile Range 
Tot 26, O00 2? 100, 000 
A mn 637. OOK $96. 000 |40. 830. 000 
| These stations are partially staffed and operated by ligenous personne!, depe e at bility 
of technically qualified personnel. Through a training program by Bendix ig e@Xx- 
tended, so as to permit fullest possible use of indigenous personn 
? These stations are not yet in operation, but are expected to become operational by the et 1960. 
Mr. THomas. You pay him $414 million. Your next group is 


Smithsonian. They have 12. What do you pay them 
arrive at the contracts ? 
Smithsonian is not in the business of operation. 


How did you 


It has two or three 


stations, one or two in Central America and one or two in California. 


[ did not know they were in the global business. 
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Dr. Dryven. It is the Smithsonian Astrophysical Observatory at 
Harvard that actually operates our optical tracking stations for us, 

Mr. Tuomas. Most of these are outside of the continental United 
States, though. 

Dr. Drypen. That is true. 

Mr. Tuomas. What do you pay them, and what yardstick do you 
use ¢ 

Mr. Uxtmer. $1,950,000 is in 1961 budget for that purpose. An 
additional $100,000 will be required for maintenance and repairs. 

Mr. Tuomas. How do you arrive at that figure? What is the basis 
of it? 

Dr. Drypen. It is based on the number of people that are required, 
their travel costs, supplies, equipment, etc. 

Mr. Tuomas. Is this on purely a reimbursable basis, and do you 
let Smithsonian make a little money ? 

Dr. Drypen. Smithsonian does not make any money. 

Mr. Utmer. It is on an actual cost grant basis, Mr. Thomas. 

Mr. THomas. What is your next group of contractors? You have 
seven stations in the United States. Who is your contractor for them, 
and what are you paying for those ? 

Dr. Siiverstein. Five of these stations are minitrack stations and 
will be included in the first category. 

Now, in the MERCURY net we have a number of stations in this 
country, most of which are under military jurisdiction currently and 
will be operated by the military station people. 

The only costs that will be reimbursable for those stations will be 
the extra costs associated with their operation in connection with the 
MERCURY program. 

Mr. Tuomas. You have 16 MERCURY stations. 

How many are located in the continental United States? There are 
no more than four at the most. 

Dr. Stiverstetn. There actually will be 7 of the 18 points in this 
country. 

That includes Mugu, White Sands, a station in Texas, Eglin, 
Canaveral, Goddard. 

T missed one. Hawaii is the other one. 

Mr. Tuomas. I cannot see how you arrive at a firm figure of $27,- 
750,000 on this. It appears to me you could miss it 15 or 20 percent 
either way, mostly over. 

Dr. Drypen. From our past experience we can estimate construc- 
tion costs on the average within a very few percent. With the indi- 
vidual case some of them may run 5 to 10 percent over, some of them 
5 to 10 percent less, but on the average, the number of these cases, our 
past experience shows we can come within a few percent. 

Mr. Tuomas. If we gave you $25 million for this item, can you do 
your job and have an unexpended balance of about $1 million left? 

Dr. Drypen. This might come out that way. I would not like to 
promise you. 

Mr. THomas. We will trade with you. 
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RESEARCH AND DEVELOPMENT 


Program and financing 





| 1959 actual | 1960 estimate | 1961 estimate 

















| 
lipides joiantandasatieeteniaal 
Program by activities: | 
1. Aeronautical and space research: 
(a) Support of NASA plant_..........-- Jase eet da $2, 271, 100 | $11, 500, 000 $22, 000, 000 
(6) Research grants and contracts.................- | 256, 950 2, 000, 000 6, 000, 000 
2. Space flight development and operations: | 
(a) Support of NASA plant -l, cotid Re tnataltbiaaiiecazentin 613, 000 4, 000, 000 23, 000, 000 
(6) Scientific investigations in space__..........---- 16 , 808, 332 45, 000, 000 85, 000, 000 
EE a an 3, 282 5, 000, 000 15, 000, 000 
(d) Manned space flight__.................-.- aa 4, 339, 192 50, 000, 000 80, 000, 000 
(¢) Vehicle development.__...........-- ; aa 21, 404, 778 90, 182, 980 98, 000, 000 
f) Space propulsion technology eae aceasta 5, 261,086 | 25,000,000 52, 000, 000 
ig) Vehicle systems technology___......-..- ee 2, 972, 610 5, 000, 000 12, 000, 000 
h) Tracking and data acquisition............-.-.- 911, 334 11, 000, 000 15, 000, 000 
3. Program direction: Support of NASA plant- ; on 44, 716 1, 500, 000 2, 000, 000 
Total program costs. Be 3 Pa _-----| 55, 116,380 250, 182,980 | 410, 000, 000 
4. Supplies or services trans ferred in (—) without charge, 
a aigtiaeetatnddmate siciiaakaieaidiatatads asemnpenel > “ayy bee —1, 560, 931 —1, 637, 000 
Total program costs, funded... ___.._.....-.-.-..-- 52,708,259 | 248, 622, 049 408, 363, 000 
5. Relation of costs to obligations: Ob ligations ‘incurred | 
for costs of other years, net__..-....--....-- amine 142, 300, 252 132, 946, 972 a 213, 090, 000 


Total program (obligations) 
Financing: 

Comparative transfers from (—) Department of Defense 

Unobligated balance transferred from “U.S. scientific 


nigra ow 381,569,021 | 6% 21, 453, 000 


_| —19, 325,020 | —55, 182,980 |_.........___. 





satellite,’”” Department of Defense (72 Stat. 433)........- 5, 541, 282 |_- bis cigtnsuchbeanemials 
Unobligated balance brought forws rd : ----------| —20, 936, 041 —20, 000, 000 
Advances and reimbur ements from other accounts (—)-- sa ..| —5, 100,000 5, 000, 000 
Unol jigated balance carried forward...........-. Se 20, 936, 041 20, 000, 0CO | "25; 000, 000 
New obligational authority. ....................... -----| 171,078,250 320, 350, 000 621, 453, 000 
New obligational authority: 
Appropriation A set BA hd hc sd cote sneak sedi odacababi 50, 000, 000 335,350,000 | 621, 453.000 
Tre ansfe rred (72 Stat. 433) from 
‘Salaries and expenses, Advanced Research Projects 
Agency, Department of Defense’’._...___- i cicthineaioas 59, 200, 000 “din sniea tah aaa d ea andar ne ease 
‘Aircraft, missiles, and related procurement, Air 
Force” 5 one's se a ne OU OE eee Ee te ee ee 
**Reses arch, development, test, and evaluation, Air 
a e + & 2 EA a a et 
‘*Research, development, test, and evaluation, “Army”’. COE Oe Cis cuntiacanwe 


Transferred to ‘‘Construction and equipment, National 
Aeronautics and Space Administration” (Public Law 
COI Kiosk is dct aces beatae coendtdekens SSS TS PG ED ; _..| —15,000, 0CO 


stitial! ae 320, 350, 000 621, 453, 000 
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Object Classification 





59 actual 1O¢ " mat 
NATIONAL AERONAUTICS AND SPACE ADMINISTRAT 
Total number of permank nt positions 356 
Average number of et plover 1 Fy 
Sialiier of eaaplovecs it end of year 356 
Average GS grade and salary 3 $7,29 
Average salary for grades established by the Administrator of 
the NASA $4, 312 
01 Personal servic 
Permanent positions $1, 016, 43¢ 
Positions other than permanent 687 
Other personal services 3, 87 
Total personal service 71. 993 
02 Travel 188. 6903 
03 Transportation hings 9 18 $1, 48 ’ $3, 993. Ou 
04 Communication services 9 in & uw 
07 Other contractual services 
Re} id alterations 120, S78 uy 
Miscellaneous services 54, 99 54, 487, 33 38 14. OM 
Services performed by other age 11. 138, 549 145, 182. ORD 40, OOO. OK 
08 Supplies and materials $2, 440, 520 60, 000, 000 100, 000, 000 
09 Equipment 2 863. 401 16, 000, 000 26, 000. 000 
11 Grants, subsidies, and contributions 65, 914 
15 Taxes and assessments 298 
Total, National Aeronautics and Space Administration 193, 003, 698 381, 523, 834 621, 453, 001 
ALLOCATION ACCOUNTS 
Total number of permanent positions 3 
Average number of all employees 
Average GS grade and salary 6.0 $5,242 
01 Personal services 
Permanent positions $10, 389 
Other personal services 149 
Total personal services 10, 538 
04 Communication services. - og 
07 Other contractual services RSO, 4 30), 483 
09 Equipment ‘ ; 1, 789 239 
10% Lands and structures 111, 27 14, 465 
11” Grants, subsidies, and contributions 678 
Total, allocation accounts : 2, 004, 813 $5, 187 
Total obligations , 195, 008, 511 381, 569, 021 21, 453, 000 
Obligations are distributed as follows 
National Aeronaut ind Space Administration 193, 003, 698 81, 523, 834 f i un 
Department of the Army 132, 836 17, 164 
Atomic Energy Commission 1. 871.9 & ( 


let us take a look at ‘Research and 


$621,453,000 is requested. 


Mr. Tuomas. Gentlemen, 
development” docket ; 

This is against $335,350,000 last year. 

This appropriation provides for the contractual cost of research 
and development, procurement and operations. Those words mean 
just exactly what they say, for contractual costs. 

By that. there are no N ASA salaries or S. & E. 
this appropriation. 

Dr. Drypven. That is 
employees here. 

Mr. THomas. 
As a matter of 
this. 

Dr. Dryden 


our 


ty pe expenses in 


correct, There are no salaries for NASA 


None of those are charged against 


this appropriation. 
fact, there is a prohibition in the 


language against 


That is right. 
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Mr. Tuomas. This is rather broad in scope. It covers the aero- 
nautical and space research, and of course you have a tremendous 
item here in support of your plants. 

They are becoming quite numerous, are they not ¢ 

Dr. Dryven. This item covers the expenses related to the inhouse 
work which are performed by contractual arrangements, the pur- 
chase of supplies, materials, equipment, and so forth. 


RESEARCH GRANTS AND CONTRACTS 


Mr. Tuomas. Let us look at your research grants and contracts. 

How many have you obligated to January 1 of your 1960 funds 
for research contracts? Give us a list of the institutions with whom 
you have the contracts and the dollar amount involved in each one. 
' Mr. Utmer. The list would not show in the book that you have. 

Mr. Tuomas. That is not a secret is it ? 

Mr. Utmer. Not at all, sir. In fact, I have a listing here that I 
should have put in the book. I will give it to you. 

Mr. Tuomas. Put it in the book next year unless you want to keep 
it a secret. 

Mr. Umer. This is a complete list of all obligations made against 
the 1959 funds—— 

Mr. Jonas. If the chairman will yield, what we want to know is 
a list of the 10 million, not last year 

Mr. Tuomas. I think that is what this is. 

Mr. Utmer. That is a list of the contracts that have been let to 
date out of the 1959 and 1960 money. 


UNOBLIGATED BALANCES 


Mr. Tuomas. Tell us what your unobligated 
January 1. 

Mr. Umer. My figures are as of the close of business on January 
31. Out of the $4.9 million available in 1960 we had under contract 
$1.1 million, and an additional amount of $900,000 awaiting final con- 
tractual obligation; so approximately $2 million of the $4.95 million 
is obligated or committed. 

Mr. Trromas. We suggest you not obligate any more of that money 


until we can take a look at it for this year. We will talk to you later 
about it. 


balance is, as of 


The National Science Foundation is in the same business you are 
in. They have every conceivable type of contract, anywhere from 
$100 million to $128 million. 

Dr. Drypen. Every agency in the technological business finds it ex- 
tremely economical to use the services of experts at universities for 
certain jobs. 

Mr. TrHomas. You have your own experts: 
people. 

Dr. Drypen. We cannot dictate to the Science Foundation that they 
should make a contract to support a particular job of ours 

Mr. Titomas. They would be glad to do it. They are looking for 


business. 


you have these other 


Mr. Jonas. Maybe we can help you a little. 
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Dr. Drypen. We have a full exchange of information. They are 
supporting research at universities of a very broad nature. 

We are supporting research directly related to the jobs that we are 
doing. 


Mr. Yates. Mr. Chairman, will you yield for a question ? 
Mr. Tuomas. Yes. 


Mr. Yates. How does one know how much money is allocated under 
-ach of those contracts ? 
Mr. Utmer. It is shown on the form, Mr. Yates. The figures are 
shown in thousands. The .38 figure would be $380,000. 


MEDICAL RESEARCH 


Mr. Tuomas. What isthe basis of your new program ? 

I gained from reading the justification you are going into the field 
of medicine. 

Dr. Drypen. We are in the space business, in the business of putting 
man in space. If we are going to put man in space, we have to get 
through the military services and through the university research pro- 
gram, the necessary information about these biomedical] problems, 

Mr. Botanp. Isthe Department of Defense doing precisely the same 
thing with respect to the sciences that you are doing é 

Dr. Drypen. The Department of Defense is engaged in bioengineer- 
ing. They have investigated what stress a man can take, how much 
acceleration. W e are conc erned with going far out into space and the 
problems ‘ssociated with man’s existing In space over a long period 
of time, the biological effects of space on the basic characteristics of 

organisms and life generally. We will use the laboratories of the mili- 
tary services and reimburse them for work in connection with our 
program. 

Right now, we are the largest single user of the Navy's Johnstown 
facility in Pennsylvania. We give them more work ‘i connection 
with the X-15 program and MERCURY program than the Navy 
themselves are doing there. 

All of our biomedical experiments in which monkeys were used 
were carried out with the service laboratories—the School of Aviation 
Medicine in Texas: I think in one ease the Bethesda Naval Medical 
Center—so we are using the facilities of the services. 

The services have assigned medical officers to work on Project 
MERCURY. 

They are located at Langley Field; with the astronauts, with the 
project. 

Mr. Botanp. The explanation sounds good. Who was the admiral 
who appeared before the legislative c ommittee? 

Dr. Drypen. Hayward. 

Mr. Bo.anp. I understand he said they were doing precisely what 
you did and NASA has no necessity to get nto this. 

Dr. Drypen. NASA is not doing a thing now. 

Mr. Bo.anp. You want money to do it. 

Dr. Dryven. I said we are going into the area of bioscience. In 
the bioengineering aspects, such as pressure suit design, G—-suit design, 
life support equipment, we are and will continue to use the service 
laboratories but this is a far cry from a man going out to the moon 
for several days and back. 


429 


Mr. Tuomas. Can you give us a breakdown of your contemplated 
expenditure of $10 million next year for your research ? 

Dr. Drypen. We can give it by gener al fields. We can give you 
some of the projects under consideration. The agencies ‘tevebvel 3 in 
contracting with universities have established a full exchange of in- 
formation on programs. On the biosciences we did not go off and 
make a decision of this kind on our own. We appointed a committee, 
headed by Dr. Kety of the NIH and including other distinguished 
physicians who are concerned with these problems, to study what 
NASA should do. The steps that we are about to take are based on 
the recommendations of that committee. 

If you heard Mr. Douglas’ testimony before the other committee, 
he explained how Dr. Glennan and I and others went to the Depart- 
ment of Defense and discussed exactly this problem and they are 
completely satisfied that we are coordinating the plans with the 
Defense Department. 

FUTURE CONTRACTS 


Mr. TrHomas. What we are interested in is how do you arrive at 
that figure of $10 million and we would like to see a breakdown of it, 
by institutions and some descr ription. 

Can you furnish that now? 

Mr. Utmer. We do not have that with us, Mr. Thomas. 

Mr. Tuomas. How do you arrive at that figure of $10 million ? 

Dr. Drypen. The $10 million is based on judgment—we obviously 
cannot tell you what university we are going to make a contract with 
6 months from now. This depends on getting proposals in certain 
technical areas from a number of universities, evaluating the pro- 
posals, discarding some of them, and accepting some of them. 

The breakdown we can give you is the amount of money that we 
expect to spend in certain fields. 

Mr. Tuomas. I thought you made this budget 6 months in ad- 
vance. 

Dr. DrypEen. This is why I say we cannot give you a list of future 
contracts. We can tell you what we spent the money for last year, 
what the approximate distribution will be in the coming year. This is 
shown on page 146, by field—physical sciences, cosmological sciences, 
bio-sciences. 

Mr. € Homas. That does not mean much. 

Mr. Jonas. Will you yield, Mr. Chairman? 

Mr. Tuomas. Yes. 

Mr. Jonas. What you mean, Dr. Dryden, is that you selected the 
financing of $10 million before you even got the projects under study ; 
is that right? 

Dr. Drypen. This is not based on projects that we have in hand. 
That is correct. This is a level that we think we will 

Mr. Jonas. The proportion of your money you think you should 
spend for university research ? 

Dr. Dryven. It is not a fixed ratio. 

Mr. Jonas. It has a relationship? 

Dr. Drypen. Yes. 

Mr. Jonas. Really it is a dollar figure instead of based on planned 
project ? 
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Dr. Drypen. Yes. I think this is true in the Science Foundation 
also. 
Mr. Jonas. I think that is right. 
Dr. Drypen. Or in the Office of Naval Research which has exactly 
the same problem. 
JUSTIFICATION OF PROGRAMS 


Mr. Tuomas. Mr. Reporter, put pages 103, 104, and 105 in the 
record. 

This breaks down your programs. 

(The pages referred to follow :) 


PROGRAM AND PERFORMANCE 


This appropriation provides for the contractual costs of research, development, 
procurement, and operations. 

1. Aeronautical and space research.—(a) Support of NASA plant: The in- 
crease in 1961 in the requirements for contractual services, supplies, and equip- 
ment required in the operation of the NASA research centers results chiefly 
from the need for providing the laboratories with new specialized types of 
equipment required for research on problems of space which were not required 
in prior years when the principal emphasis was on aeronautics. 

(b) Research grants and contracts: The 1961 program contemplates addi- 
tional support of research on materials and in certain fields, such as the space 
aspects of medical and biological research, for which the NASA does not have 
a capability.at its own research centers. 

2. Space flight development and operations.—(a) Support of NASA plant: 
Funds are provided in this subactivity for contractual services, supplies, and 
equipment required in the operation of the NASA space flight development 
centers, stations, and offices. The increase in 1961 is required to support the 
increased personnel and workload of these organizations. 

(b) Scientific investigations in space: This provides for an increased scien- 
tific program in space in 1961, utilizing sounding rockets, earth satellites, and 
lunar and planetary probes. 

(c) Satellite applications: Development of meteorological and passive com- 
munications satellites will be continued in 1961. 

(d@) Manned space flight: The funding included for 1961 is expected to carry 
the MERCURY program into the operational phase. In addition, a supple 
mental appropriation is anticipated for 1960 and is shown below under “Pro- 
posed for later transmission.” 

(e) Vehicle development: This subactivity provides for the development, 
fabrication, and launching of advanced space vehicles. Principal emphasis in 
1961 will be on the SATURN very high thrust booster vehicle and on the 
CENTAUR vehicle with a high-energy upper stage. 

(f) Space propulsion technology: This subactivity funds the development of 
advanced propulsion techniques and systems for application to future space 
vehicles. Work will be continued in 1961 on the single chambered 1.5-million- 
pound thrust engine: advanced liquid and solid fuel rocket engines; nuclear 
rocket and electrical propulsion systems; and nuclear, solar, and electrical 
auxiliary power supplies for payload applications. 

(g) Vehicle systems technology: Increased funding is provided in 1961 for 
developing systems and components for midcourse and terminal guidance, and 
attitude control systems for payload packages. 

(hk) Tracking and data acquisition: This subactivity provides for the opera- 
tion by contract of the minitrack satellite tracking network, the deep space 
network, and the special tracking facilities for the MERCURY manned space 
flight program. It also covers costs of data transmission and reduction, and 
research and development in the fields of tracking, data acquisition, and data 
handling. 

3. Program direction.—This activity provides for the contractual services, 
supplies. and equipment for the administration’s headquarters and western 
operations offices. 
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4. Relation of costs to obligations.—The relationship is derived from yearend 
palances of selected and applicable adjustment resources as reflected in the 
following table: 


1958 actual 1959 actual | 1960 estimate | 1961 estimate 
Selected resources at end of year 
Inventories and items on order 
Stores (goods unconsumed by project $2, 514, 811 $2. 375, 654 $2, 360, 642 $3, 080, 642 
Unpaid undelivered orders (appropria- 
tion balances obligated for goods and 
ervices on order not yet received) 140, 821, 634 273, 299. 471 484, 669, 471 
Advances (payments for goods and 
ervices on order not yet received) 1, 515, 853 2, 000, 000 3, 000, 000 
Total selected resources at end of 
year 2, 514, 811 144, 713, 141 277, 669, 113 490, 750, 113 
Selected resources at start of year 2, 514, 811 144,713, 141 | —277, 660, 113 
Adjustment of selected resources reported at 
Start ol year 101, 922 


Obligations ineurred for costs of other 


years, net : | 142, 300, 252 132, 946, 972 213, 090, 000 
| | 


SuMMARY OF EstTIMaATEs, 1961 


Mr. Tuomas. Put the summary sheet on page 109 in the record. 
( The page referred to follows :) 


Research and deve lopme nt programs 


Fiseal year Fiscal year Fiscal year Fisca] year 
Program 1959 1960 1960 supple- 1961 
mental 
Aeronautical and space research 
Support of NASA plant $1, 097, 651 $22, 684, 000 $51, 345, 000 
Research grants and contracts 3, 028, 000 4, 950, 000 10, 000, 000 
Support of JPL plant 8, 156, 500 


Scientific investigations in space 


Sounding rockets 3, 556, 170 8, 811, 000 8, 000, 000 





Scientific satellites 21, 305, 114 23, 813, 000 41, 700, 000 

Lunar and planetary exploration 31, 882, 607 49, 000, O00 45, 000, 000 

Vanguard 21, 943, 582 
Satellite applications 

Meteorology QR7, 550 | 7, 930, 000 20, 700, 000 

Communications 3, 574, 806 3, 170, 000 5, 600, 000 
Manned space flight : 46, 416, 333 74, 962, 000 $12. 200, 000 107, 750, 000 
Vehicles systems technology 1, 903, 651 6, 737, 000 21, 200, 000 
Space propulsion technology 

Solid rockets- 615, 898 3 000 2, 800, 000 

Liquid rockets 15, 978, 589 30, 328, 000 63, 000, 000 

Nuclear systems technology 3, 810, 476 6, 000, 000 10, 000, 000 

Space power technology 4,814, 000 8, 000, 000 
Vehicle development 

SCOUT 6, O48, 000 2 800. 000 

DELTA 12, 927, 417 13, 300, 000 12. 500, 000 

VEGA 14, 201, 494 4. 000, 000 . 

CENTAUR : 4, 000, 000 37, 000, 000 47, 000, 000 

SATURN ‘ 134, 308, 000 
rracking and data acquisition 3, 095, 674 16, 266, 000 32, 550, 000 

PO a aan si atid 204, 619, 532 320, 350, 000 12, 200, 000 621, 453, 000 
Funded under program activities in 1960 and 1961 


Mr. Tuomas. Your breakdown shows for support of your plants, 
$51,345,000 next year. The research grants we have just discussed. 
Your next heading is “Scientific investigations in space.” 

Sounding rockets are $8 million: satellites, $41.7 million; lunar 
and planetary exploration, $45 million. 

Satellite applic ations: Meterology, $20.7 million; communications, 
$5.6 million. Then manned space flight, $107,750,000; vehicle sys 
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tems technology, $21.2 million; propulsion technology, solid rockets, 
$2.8 million ; liquid rockets, $63 million, nuclear systems tec hnology, 
$10 million ; space power technology, $8 million. 


VEHICLE DEVELOPMENT 


Then we get down to the specific development of your vehicles: 
DELTA, $12.5 million. 

Dr. Drypven. The list of vehicles was put in to show the 1959 and 
1960 obligations under the same headings. 

Mr. Tromas. CENTAUR is $47 million, and the big one, SAT- 
URN, $134,308,000; then your tracking and data acquisition, 
$32,550,000. It totals up to $621,453,000 against $320,350,000 last 
year. 

Mr. Ostertrac. Will you yield? 

Mr. Tuomas. Yes. 

Mr. Osrtertac. Does that mean there has been no money appro- 
priated or available for SATURN before this time? 

General Ostranper. These were carried under other agency funds, 
ARPA primarily: $27 million in 1959 and S77 million in 1960 was 
funded by the Department of Defense: 1961 is the first time we pick 
up the full-year funding. 

Mr. Osrertac. This is the first funded money to your agency for 
this program ? 

Dr. Drypen. That is correct. These numbers are the same num- 
bers you saw on the charts in connection with the presentation. 

Mr. Osrertac. Where do we find transferred money on that? 

Mr. Uraer. This does not show in our funding, sir. 

The language sheets under each appropriation indicate the com- 
parative 1959 and 1960 amounts in the DOD budget. 

Mr. Ostertac. What I was trving to get at is, is there some place 
for determining what the SATURN program is costing from the be- 
ginning? 

Mr. Tuomas. You got some transferred funds for SATURN, did 
you not? 

Dr. Drypen. Not yet. The unexpended balances will be transferred 
to us on June 30, 1960. 

Mr. Tomas. $55 million. 

Mr. Osterrac. It is on page 193, $55 million. 

Dr. Drynen. That is the R. & D. part of the 1960 DOD SATURN 
funding. The unexpended balance of that amount will be transferred 
at the completion of the formalities of the transfer, on June 30, 1960. 

Mr. Osterrac. In all other programs you show a figure under fiscal 
1960. on the tabulation on page 109, but SATURN is conspicuous by 
the absence of anv figure. 

Mr. Tomas. It was funded by the Department of Defense until 
about 1961. 

Mr. Utmer. It would have been helpful if that had been put in. 
This is one of the omissions Mr. Thomas mentioned yesterday. 
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UNOBLIGATED AND UNEXPENDED BALANCES 


Mr. Tuomas. What will be your unobligated balance at the end of 
the fiscal year of your 1960 funds? With your supplemental you have 
$320 million in 1960, do you not ¢ 

Mr. Utmer. That is the total R. & D. will have this year, Mr. 
Thomas. 

Mr. Tuomas. What is your unobligated as of January 1 and what 
will it be at the end of the fiscal year ¢ 

Mr. Utmer. The unobligated balance on January 31—— 

Mr. Tuomas. Any recent figure you have. 

Mr. Utmer. $105 million. 

Mr. Tuomas. What will it be at the end of the fiscal year? 

Mr. Utmer. This would have to be an estimate. It could run some- 
where in the neighborhood of $10 or $15 million. 

Mr. THomas. More than that? 

Mr. ULmMer. Our amount last year, I think, was somewhere in the 
neighborhood of $20 million out of the 1959 appropriation. 


QUESTION AS TO SLOWDOWN OF PROGRAM AS RESULT OF REDUCTIONS 
FOR 1960 


Mr. Tuomas. It was said around here by one of your prominent staff 
members that $6 million slowed you down a year on one of your prime 
projects. 

Here you had an unexpended 1959 balance of $20 million. You 
transferred from 1960 “Research and development” funds to “Con- 
struction funds,” $15 million. Here you come up with $35 million. 
You are howling over $6 million. What kind of bookkeeping is 
that and what kind of loose language is that ? 

Mr. Horner. I think youare referring to my remarks. 

Mr. THomas. I shall read them to you if you want me to. 

Mr. Horner. I have discussed that particular project at consider- 
able detail with the House Space Committee. Although the funds 
you refer to were not spent and not obligated—— 

Mr. Tuomas. You were claiming that it slowed down the project 
for a year or a year and a half. 

Here you had $35 million you did not use. Where did it slow you 
down ? 

Mr. Horner. We cannot commit funds until appropriated by the 
Congress. 

Mr. THomas. They were appropriated last year. 


TRANSFER OF FUNDS FROM RESEARCH AND DEVELOPMENT TO 
CONSTRUCTION 


You took from those appropriated funds, $15 million, “R. & D.” 
and you transferred it over to “Construction.” 

Then you got a supplemental. You did not even use that. What 
becomes of your language then that it slowed down 12 months as a 
result of this $6 million ? 

Mr. Horner. The transfer authority and the supplemental funds 
were both used in support of Project MERCURY, which is our 
highest priority project, in which we are trying to retain a schedule. 
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Mr. Tuomas. You transferred that money out of “R. & D.” over 
into “Construction,” so if it was your highest priority, why did you 
not use it for that? 

Mr. Horner. That was a subsequent decision. The construction in- 
volved was also for the MERCURY project. It was an emergency 
reprograming needed at that time to prevent slippage on the econ- 
struction of the tracking network for MERCURY. 

Mr. Tuomas. It will be 36 months before you use it. 

Dr. Drypen. Unless the construction is started now, it 
ready in 36 months. 

Mr. Tuomas. Which is more important, to get the engines started or 
what ? 

Dr. Drypen. The F-1 engine about which you are speaking does not 
have the top national priority. I wish I could tell you, Mr. Thomas, 
that when we do not get the money we asked for we can still do the 
same amount of work. Unfortunately, this is not true and the deei- 
sions we have to make when we do not get the funds that have been 
estimated have to be based on doing the important things. 

Mr. Tuomas. Here is $35 million that you had that you did not. use. 

Dr. Drypen. This money was committed. 

Mr. Tuomas. I think you made a statement that $6 million had 
slowed down the project for a year or a year and a half. 

Dr. Drypen. Yes. 

Mr. Tuomas. You had $35 million. 

Dr. Drypen. Mr. Thomas, we are all familiar with the process of 
this long lead time work that you have met in the Defense Department 
many times. 

Although there are uncommitted funds in the sense that on our books 
there is no piece of paper outstanding against them, they are com- 
mitted to the projects that are going on. 

Mr. THomas. You make your own books. You had the money. 
You cannot jump those figures. You did not use them. 

Yet you went around and said it slowed you down. You didn’t 
say it. It was said by your organization. It slowed you down 12 
months when you had the money. If you did not use it properly that 
is nobody’s fault except yours. 

Dr. Drypen. I think what was said was that when we do not have 
enough money to cover all the needs, we take care of the projects 
which have the highest priority. The things which suffer are those 
that are needed farther off. 


won't be 


PRIORITY OF PROJECTS 


Mr. Yares. Is it all right to find out if there has been a schedule 
of priorities established ¢ 
Dr. Drypen. The MERCURY and SATURN projects have the 
highest national priority, exactly the same priority as the ballistic 
missile. 
PRIORITY STATUS OF F-1 ENGINE 


Mr. Yarrs. Is the F-1 a priority ? 

Dr. Drypen. It does not have that priority. 

Mr. Yates. Does not the F-1 engine have a priority and is it not a 
part of those projects ? 
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Dr. Drypen. No, sir. 

Mr. Yates. For what is the F—1 engine to be used ? 

Dr. Drypven. It is to be used in the vehicle which goes beyond the 
capabilities of the SATURN and which will enable a manned landing 
on the moon and return. This is some years in the future. If we 
have to slow anything up, this is where we have to take the money 
from—our longer range items. This is what any prudent person does. 
In other words, we have to take care of the immediate needs now. 

Mr. Yates. When you talk in terms of this being in the future, I 
am somewhat confused for the reason I was under the i impression that 
you had an urgent program for trying to find an engine with great 
thrust. 

Dr. Drypen. SATURN gives us this 1,500,000-pound capability at 
least 2 years earlier than you can possibly do it with the F-1 engine. 

Mr. Tuomas. Doctor, what Mr. Yates is getting at is that you are 
in the constant process of reprograming and rescheduling. 

Dr, Drypen. This is quite true. 

Mr. Tuomas. What you may need today, you will change your mind 
on tomorrow. We give you that latitude. 

Dr. Drypen. That is correct. 

Mr. Tuomas. You canceled out wry \ to the tune of $42. 8 million 
and you only obligated $18 million. So, there is another $30 million 
that you had all the latitude on earth to use. 

Dr. Drypen. We had the latitude to choose, I admit this. I say we 
made the choice to take this from the F—1 engine. That is the only 
statement that was made. There is no criticism of anybody in this 
as far as I am concerned. We have to live within the resources you 
give us, and we cannot go beyond that. 

Mr. Tuomas. You had more funds than you needed and if you did 
not use them properly, that is the fault of no one but yourself. 

We do not like your going to another committee and saying because 
you did not get $6 million, when you had $35 million or $40 million, 
it slowed your program by 12 or 15 months. 


ALLEGED LNCREASED COST AS RESULT OF PROGRAM SLOWDOWN BY NASA 


Mr. Yates. In addition to that, Mr. Chairman, I understand it goes 
even further than that—that as a result of the slowdown of the pro- 
gram, it will be more expensive by $13 million. 

Mr. Horner. Anything you slow down and stretch over a longer 
period of time is always more expensive. 

Mr. Yares. Is my information correct? I understood that someone 
testified before the legislative committee that as a result of the slow- 
down the additional cost to the Government for the same program 
would be an additional $13 million. Is that not substantially correct? 

Mr. Horner. I do not recall that figure being used in the testimony, 
but it is inevitably correct that things which you do over a longer 
period of time with American industry costs more than if you do 
them at. the time of the original schedule, because they have their 
working organization and facilities which are set up to do it on a 
given schedule. When you stretch out the funding process, it is ex- 
tremely difficult for industry to reduce overhead facilities and reduce 
workers. So it always costs more. 
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Mr. Yates. What will the additional cost be as a result of the slow- 
down? 

Mr. Horner. I would have to provide you with that information, 

Mr. Yates. Was no such information given to the staff of the space 
legislative committee? 

Mr. Horner. The information may have been given by someone in 
the Agency. 

Dr. Drypen. Perhaps Mr. Gleason could answer that. 

Did we give the increase in cost because of the change in schedule? 

Mr. Gueason. No, sir. 

(The following was submitted later for the record :) 

Information was given to one of the legislative subcommittees that the in- 
creased cost was $13 million. It is actually nearer $8 million. 

Dr. Drypen. Many of our people appeared before the other com- 
mittee, and it is possible that somewhat lower down in the organi- 
zation someone gave a number. 

Mr. Yarrs. You do not. know now what the additional cost will be? 

Mr. Horner. At best it would only be an estimate at this time. We 
have not completed the negotiations with the contractor as to the 
reduction of this vear’s appropriation. 

Mr. Yates. Could it be as much as $13 million ? 

Mr. Horner. It could be: ves, sir. 

Mr. Yates. Could it be lower or more than that? 

Mr. Horner. It is possible. 

Mr. Trromas. Well, if it is, you brought it on yourselves because 
you had the money. 

Mr. Horner. No, sir, Mr. Chairman: we did not have the money. 

Mr. Tuomas. I think the record will certainly clearly indicate to 
the contrary, when you transferred money out of your research and 
development fund. No one made you do that. You did that on 
your own. 

Dr. Drypen. We take the full responsibility for the decisions which 
had to be made. 

Mr. Tomas. And, you gave something else a higher priority than 
this project but, then, you said this project suffered because of that. 

Dr. Dryven., It suffered because we did not have the money to put 
on that project. I do not mean to imply any criticism of anyone. 
We have always lived within the funds you have provided, and we 
have to make this kind of decision every year. I do not know a year 
when we have not had to make such decisions, or any other agency of 
the Government, for that matter. 


SUPPORT OF NASA PLANT 


Mr. Tuomas. Let us look at your support of your plant item in 
the amount of $51,345,000 this year as against $22,684,000 in 1960 and 
$1,097,000 in 1959. . 

These funds provide for transportation expenses. leased communi- 
cations lines, contractual services, repairs, alterations, minor construc- 
tion and supplies and materials as well as equipment used in the opera 
tion of all your installations? 

Dr. Drypen. Yes, sir. 
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INVENTORIES 


Mr. Tuomas. How much inventory are you carrying? What is 
your sum total of inventory of expendable materials at your labora- 
tories and installat ions ? 

Mr. Urmer. It is running somewhere between $3 million and $4 
million. 

Mr. THomas. You have more than that down at Huntsville. 

Mr. Utmer. The figure I gave you is exclusive of Huntsville. I beg 
your pardon. We are in the process of negotiating with the Army the 
split of the Huntsville inventory which w ill come to us. 

Mr. Tuomas. How much inventory do you have at one of your 
older installations, for instance, Ames or Langley or JPL? 

Mr. Utmer. Three million to $4 million covers all of those instal- 
lations. At Ames I would guess it would be somewhere in the neigh- 
borhood of $300,000. I would be glad to break it down for yom. 

Mr. Tuomas. Your inventory is 3 quite small then, is it not? 

Mr. Umer. It is relatively small. 

Mr. Tuomas. How often do you turn it over? 

Mr. Uumer. I think we run on about a 3 to 4 months inventory, as a 
rule, on expendable supplies. 

Mr. Tromas. I notice you have set up for Plumbrook this year $10 
million. 

How did you arrive at that figure of $10 million ? 

It is not in operation yet, is it? r? 

Mr. Utmer. Mr. Thomas, I am at a loss to find that $10 million 
figure. The Lewis Center has $9 million for support of plant. 

Mr. Tromas. Let me see if I can find it some place. It could not 
have been $10,000, could it? We do not deal in such small figures. It 
is $10 million. 

Mr. Urmer. The $9 million, “Support of plant for Lewis,” includes 
the Plumbrook operation. 

Mr. Tuomas. Where is that figure of $10 million. It may not be 
under “Support.” It is not under “Support.” I misled you if I in- 
dicated it was under “Support.” 

What was the $10 million for at Plumbrook ? 


NUCLEAR SYSTEMS TECHNOLOGY 


Mr. Utmer. We have a nuclear systems technology project in 
R. & D.—a line item program for $10 million. 

Mr. Tuomas. Please explain that. 

Dr. Drypen. That is a contract with outside groups in the develop- 
ment of nuclear technology: $5.5 million, which is in this sum, is for 
the support of Project ROVER, and the contracts that will be made 
for the development—— 

Mr. Tromas. Put your finger on it. There is not a clear justification 
of the breakdown of it. 

Dr. Drypen. This was presented to you in great detail the first day 
by General Ostrander, with the individual items in short form. 

Mr. Utmer. On page 180-1 is a detailed writeup of that program. 

Mr. Tomas. I believe it starts on page 180 and goes through 180-5. 

It is $10 million as against $6 million last year as against $3,810,- 
000 in 1959. No; that is the electric generator. 
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Mr. Utmer. That isalsoa part of that program. 

Mr. Tuomas. Where and how are you going to spend this? 

Is this under “Research contracts” ? 

Dr. Drypen. No, sir. These are contracts with industry for devel- 
opment. The pump development in support of ROVER, which is a 
contract——— 

Mr. Tuomas. Is that in the amount of $1.2 million ? 

Dr. Drypen. That contract is with North American. 

Mr. Tuomas. The turbopump system development is in the amount 
of $1.5 million, I believe. 

Dr. Drypven. Yes, sir. 

Mr. Tuomas. Hydrogen-cooled jet nozzle is in the amount of $800,- 
000 and your liquid hydrogen and propellent supply is in the amount 
of S8\ 10.000. 

Dr. Drypen. The last is the supply of liquid hydrogen to the 
ROVER test that we mentioned. 

Mr. Tuomas. Where is this research carried out and by whom? 

Dr. Drypen. This is not research. This is hardware development. 
This is the ROVER reactor test which you heard about, and there 
will be a later test this summer which is a development leading toward 
a breadboard nuclear rocket engine. 

The AEC, as we mentioned, has some $20 million for the reactor 
development, and these are the sums which we carry to do the non- 
reactor part of the test setup, and we furnish the liquid hydrogen to 
them. 

Mr. Tuomas. I have this language here underlined: 

Although early emphasis in the nuclear heat 
search aimed at the development of a large thrust, the current developments of 
the program are aimed at accumulating the necessary research information re- 
quired to develop a reactor flight test system, launched by chemical rocket. 

Dr. Drypen. That is right; since NASA assumes the responsibility 
for the ROVER program. 

Mr. Tuomas. Where is the other $5.5 million? You set out four 
different programs which in just round figures do not mean anything. 

Dr. Drypen. If you continue with that same table, you will find the 
other item in the sum of $1.2 million on the next page, page 180-5. 

Mr. Tuomas. For your reactor test in project ROVER support, you 
have the sum of $4.3 million. For applied research on nuclear rockets 
you have the sum of $1 million. 

Dr. Drypen. And the breadboard engine design is in the amount 
of $200,000. This is the presentation that was made the other day. 

Mr. Tuomas. Who receives the $1 million and how did you arrive 
at that? 

General Ostranper. The $1 million is concerned primarily with ap- 
plied research to do our portion of the ROVER project. 

Mr. Tuomas. Will you do it at your Plumbrook installation ‘ 

General Osrranper. Some of it may be done there. 

Mr. Tuomas. We have not found any use for Plumbrook. I am 
doing my best to help you find some use of it. We have about $11 mil- 
lion tied up in it. 

Mr. Aszorr. I think I supplied some uses of it yesterday. 

Mr. Tuomas. Mr. Abbott, you are the best man in the house. 

Mr. Anrorr. Plumbrook is used for more basic researeh. 


transfer program was on re- 
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Mr. THomas. You mean it is going to be used, but it has not been 
used yet ? 

Mr. Assorr. That is correct. As I described yesterday, one of the 
first projects in it will be this matter of radiation damage to metals 
at high temperatures. 

Mr. Tuomas. Where are you going to spend this $1 million right 
here ¢ 

Mr. Apporr. I am not going to spend it. 

General Osrranpsr. This $1 million is in my program, Mr. Thomas, 
and $300,000 of it is primarily to design the vehicle which will even- 
tually use the ROVER project. This we will spend primarily at 
Aerojet. 

The next one is on radiation effects at these low temperatures that 
we deal in with atmospheric cover, largely to be spent with industry, 
and probably with Lockheed. 

Mr. Tuomas. We had these dollar-a-year contractors at Hanford 
and at Oak Ridge, and we had all these laboratories at Argonne, one 
in New York and one in Iowa, and two or three more scattered around. 
Why do you have to go to industry for this ? 

Is not the Atomic E nergy Commission effective in this field, and 
does not the Atomic Energy Commission know more about this field 
than industry knows? 

Dr. Drypen. Actually, AEC is technically directing it. 

Mr. Tuomas. Why do you not do it in your own Plumbrook installa- 
tion ¢ 

Dr. Drypen. Let me use an illustration which I think is more 
familiar. The General Electric Co. has a research laboratory at 
Schnectady, N.Y., and they have development plants for various 
products in various other cities. Plumbrook corresponds to the re- 
search laboratory at Schneetady which is doing the advanced research 
which the manufacturing plants will later apply. The work that Gen- 
eral Ostrander is putting out to industry is the hardware development 
which will give us an engine to fly—a rocket—and this is developed 
using the information from the research activity which produces 
knowledge about materials and shielding. 

General Osrranper. We will take the results of the work at the 
Plumbrook facility and use this in specifying the specifie work that 
we want done with industry toward the design of a complete nuclear 
engine and vehicles to be propelled .by it. 

Mr. Tuomas. Is not the Atomic Energy Commission doing the same 
assembly work in its various laboratories / 

Dr. Drynen. They are not in the rocket business or the space pro- 
pulsion business; they are in the deve lopment of nuclear reactors and 
they will develop and centract for the nuclear reactors that go into 
this engine, but the nuclear reactor is only a small part of the engine. 
The power conversion devices and the gadgets for pumping the pro- 
pelle nt fluid—those are our responsibility. 

Mr. Tuomas. And you cannot get them to do this research for you? 

Dr. Drypen. Well, the AEC is spending $23 million on the reactor 
and at the moment we are supporting it with $5.5 million. Three 
years from now we are going ahead mite the development of this 
engine and we will be spending $30, $40, or $50 million or more and 
the AEC will be supporting it. 








440 


STATEMENT OF Dr. von Braun on THE SATURN Program 


Mr. Tromas. Dr. von Braun, tell us about your SATURN program, 
How are you getting along, what are your many headaches, and what 
are your hopes and aspirations ? 

Dr. von Braun. We consider the SATURN project as a project of 
greatest national importance and urgency because we think it is our 
only bet to beat the Russians in the payload capability. 

T think we have nroven that in the navload area and also the capa- 
bilitv of obtaining hich speeds we are probably almost on a nar with 
the Russians today; in fact. this transmitting equipment. beats any- 
thing the Russians have even tried to do. 

However, in the big rocket area, in the booster area, we are still 
definitely behind. 

Our opinion is that the SATURN booster is at least twice as power- 
ful as the most powerful booster the Russians have thus far employed. 
We do not know, of course, what thev are developing. 

The SATURN booster is powered by four H-1 engines of 180,000- 
pound thrust each through the center which are rigid mounted, and 
four other ones outside which are swivel mounted. Only the outer 
four are used to control the vehicle. 

All motors run on VP and liquid oxygen. The fuel is stored in four 
of these outside containers. Liquid oxygen is stored in four others, 
plus one central container. 

All containers are interconnected so that we can continue to fly even 
if any one of the engines goes out. 

This entire thing is only the first stage of the entire SATURN 
vehicle. 

Prior to launching the vehicle rests on eight of these outriggers 
which also serve to transmit the thrust of the engines to the rest of 
the vehicle. These little rockets have to do with the recovery of the 
booster. TI will come to that particular subject a little later. 

The thrust version of the overall SATURN vehicle will be the C-1. 
The booster is shown again. 

The second stage will contain the hydrogen powered section with 
four nower operated Pratt & Whitney engines with a thrust of 20.000 
pounds each, total thrust of 80,000. Compared with the 114 million 
we get from the eight engines it is a relatively weak second stage. 

At the third stage we use more or less the middle CENTAUR 
vehicle which has essentially the same engines but only two. It 
pronels smaller loads, of course. 

This is by no means optimum staging. The upper stage is too light 
for this powerful booster. We eet a navoff because of the high 
specific imnulse propelled economy of this hvdrogen fuel, and there- 
fore, despite the fact this is not optimum stagine, this thrust con- 
figuration of the SATTRN carries more payload in orbit. 

The nltimate objective is to come up with on optimum stage 
SATTRN vehicle which also uses the high propellant, high energy 
propellant. and that leads us to the C-2 configuration which you see 
here. 

This has a brandnew second stage inserted between the former 
second stage and the third stage, but in order to power this stage 
we have to have a new engine. This engine has 200,000 pounds of 
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thrust, four of them are contained, and since this engine does not yet 
exist we cannot build the C-2 configuration for quite a while, so 
there will be an interim C-1 capability, and final atin called C-2. 

One of the purposes will be to serve as a booster vehicle of the 
DYNASOAR project. We take the booster and the second stage here 
and put the winged DYNASOAR on top of this. This is the plan 
at present. 

Mr. Rnopes. What fuel will the new second stage use? 

Dr. von Braun. Also liquid hydrogen. 

Tn this connection I would like to make a general remark about how 
the SATT'RN is faring in general under the NASA Administration. 

Immediately after the SATURN project was transferred to NASA, 
Dr. Glennan appointed a special committee under the chairmanship 
of Dr. Silverstein to determine this upper stage configuration. 

Up to then various competitive ideas had been kicked around, such 
as just the use of a standard TITAN, perhaps with a CENTAUR 
top stage, but all this did not look attractive because there would have 
been a lot of new engineering involved. At the same time the per- 
formance was not satisfactory. 

The Silverstein committee took up this job of determining the 
upper stages on the 17th of November, and on December 31, 1959, 
it came up with a final recommendation. The final recommendation 
is what you see here, with the C—1 and C-2 configurations. 

Dr. Drynen. This was a committee with Defense membership. It 
wes a joint committee of NASA and Defense to make this decision. 

Dr. von Bravwn. I also would like to point out that we were hanny 
to be represented on that committee and we were very hapvvy with 
the final recommendation. In fact, it was a unanimous choice. 

On the other hand, we should point out this is a hold choice because 
liquid hydrogen is a brandnew propellant and has a lot of character- 
istics we are not too familiar with, so it is a bold choice, but the 
payoff will be great. 

Bevond the C 9. the basic SATTRN booster has further erowth 
potential if we combine it with the nuclear woper stage. 

The snbject was discussed previouslv. So far on that nrooram. of 
which 75 nercent is supported by AEC and 25 percent by NASA, 
basic studies have been carried out in using high temperature reactors 
as heating sources for nuclear rockets. 

These nuclear rockets work essentially as follows: There is a big 
tank of liquid hydrogen. Down here we havea reactor. Attached to 
the reactor is a nozzle. and the reactor has a great number of graphite 
tubes woing through the reactor. These graphite tubes serve nartly 
as moderators and partly as a guide and heat transfer for the liquid 
hydrogen pumped through. 

As a result the liquid hydrogen enters the reactor cold but. leaves 
it at a temperature of several thousand degrees and reenters through 
the nozzle. 

Such a motor has twice the propellent economy. We usually figure 
900 seconds. This is only 120. This is a little more than twice as 
good. 

Asa result such a nuclear upper stage can vastly increase the overall 
pavload. 

In principle it is possible to fly this right from the round, but there 
are certain disadvantages to it. First and foremost there is the prob- 
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lem of tremendous radiation in the vicinity of the launching site, 
This runs at a thousand megawatts and you would have gamma Tadia- 
tion in the vicinity requiring very thick concrete shielding for the 
erew and probably within a mile or 2 miles from the takeoff nobody 
can stay because there would be a radiation hazard. 

In addition, if the thing aborts in the pad area we might as well 
evacuate the pad and forget it for the rest of our lives and build an- 
other one because of the contamination of the area. 

For this reason there is some advantage to firing such nuclear roek- 
ets only after they have left the atmosphere. 

In fact, it is possible even to fire it after the first two stages have 
brought it up to orbital speed. In this case the tankage must be 
reduced for optimum payload. 

This chart shows the payload capabilities of the various configura- 
tions, 

C-1 is a two-stage vehicle, orbits 24,700 pounds in the 100-mile orbit 
and 22,000 in the 300-mile orbit. 

In the three-stage the payload is approximately the same. In the 
third stage there is an escape capability and a capability of reaching 
the required speed to put 4,500 pounds in a 24-hour orbit or make a 
soft lunar landing of about 2,400 pounds. 

The C-2 gives us a payload almost twice as high all the way around. 
It reaches 45,000 as compared to 22,000. The escape is 15,200, The 
24-hour orbit is 9,000, and lunar landing is about 5,000 pounds. 

In the four-stage the payloads for the very high speed missions are 
even better. This 24-hour orbit increase may be very important. 

In the nuclear upper stage the payload would go up to 72,000 ina 
300-mile orbit, 45,000 escape, 32,000 in 24-hour orbit, and 14,800 for 
a soft landing on the moon, so this is a very sizable payload. It makes 
it definitely possible to fly a portion of this back to the earth so you 
can bring samples back from the surface of the moon. 

Mr. Yates. What is the date of the last one? 

Dr. von Braun. The launching date? I would say this is 1968 
or 1969. 

Dr. Drypen. Toward the end of this decade. 

Dr. von Braun. We propose to recoyer the SATURN booster. In 
normal mission it attains a maximum shown here. It goes through a 
ballistic trajectory of 200 miles. We enter the atmosphere at about 
mach 5,so by working it through a cluster of larger parachutes we can 
lower this into the water and bring it in at low speed. 

There is also a contact fuse attached to it which will be dropped 
down toward the water in a line, and when the contact fuse hits the 
water the booster will still be about 100 feet up. 

This then fires eight solid rockets to take the residual rate of descent 
out so at the moment it hjts the water the speed is theoretically zero 
and it would ease into the water like a helicopter. 

In reality, of course, it will not do that because there is always a 
wind blowing and horizontal velocity component comes into play. 

The booster ultimately will float on its own tankage. While we do 
not believe all we have to do is to put it back on the pad and fire it 
again, we feel that the payoff in dollar value will be high enough to 
warrant this method. 
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The equipment costs about $250,000, including the operation itself, 
and the recovery of hardware, partic ularly engines, will be much more 
than that. 

Here is just one more picture which shows what one can do with the 
SATURN in the field of large payload capability. One, of course, is 
ths it one could send a capsule fashioned after the present ME RCURY 

capsule, perhaps one for three people. Attached to that capsule could 
be a sort of caboose where the men could work and live for, say, 2 
weeks or so, and do all sorts of research work in outer space. 

When they want to go back to the atmosphere they can crawl back 
into the capsule, detac h the c: aboose, retard their spe ed somewhat, and 
go back into the atmosphere. 

We in Huntsville would not build this. Another thing we can do 
with these SATURNS is to develop an orbital refueling technique. 

Suppose two SATURNS would bring up as payload liquid hydrogen 
in the upper stages, and a third vehicle already had been brought up 
into orbit with a burned out third stage and perhaps an empty fourth 
stage. 

By transferring liquid hydrogen from these tanker rockets into the 
center one we can refuel this rocket so that it can take off from an orbit 
and go all the way to the moon, land there, and still have enough fuel 
left in the stop stage to fly back to earth. 

In this fashion it is feasible to use even the SATURN with this 
orbital refueling technique to land people on the moon and bring 
them back. 

Mr. Osrertac. That is the theory of bringing them back ? 

Dr. von Braun. This stage would be needed to impart the necessary 
speed, to increase the circular orbital speed to the transfer spec ed going 
to the moon. 

After this speed has been reached the rear stage would be detached, 
and the unit will land on landing gear, burning up in this stage, and 
there would be a separate rocket, preferably with storable propellants, 
used to fly it back from the moon again, and the passengers will arrive 
in the nose of the upper stage. 

Here again this forward rend would probably be handled by JPL as 

NASA’s agent. We will provide the projection vehicle for the 
mission. 

This chart shows what the increase in the funding does to the 
SATURN schedule. 

You may remember in fiscal 1960 the SATURN program had $70 
million. In fiseal 1961 the request was $140 million. 

On this funding level we had promised one firing in 1961, two fir- 
ings in 1962, three firings in 1963, and four firings in 1964, making 
atotalof 10. No. 11 would have flown in early 1965. 

We have always said we need 10 R. & D. vehicles before we can 
talk about a reasonably reliable operational SATURN, so early 1965 
would have been the operational readiness date of the SATURN 
system. 

With this additional funding of approximately $90 million which 
Congress is now considering, and a small increase of one and a half 
million dollars in 1960 to enable us to work overtime between now 
and the Ist of July, we can make this program, still ~~ one vehicle 

1961, but three in 1962, five in 1963, and one early in 1964, so that 
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again in about the second quarter of 1964 we can fire No. 11, so we 
have gained a flat year here through this increased funding level. 

I would like to mention in this connection that there are other 
areas where help is needed. One is priority, and very soon after 
NASA had taken over the SATURN project we suc ‘ceeded in obtain- 
ing the extra priority for which we had been fiighting a long time. 
This will help a great deal in this area. 

As small as this amount is, one and a half million dollars more in 
1960, it helps us a great deal toward putting our shop and test facili- 
ties 1n overtime. 

Dr. Drypen. That has been authorized. 

Dr. von Braun. Another thing that NASA has done, immediately 
upon taking over the SATURN program, is the initiation of a devel- 
opment contract for the engine for the C-2 stage, the 200—K liquid 
hydrogen engine. Several proposals had been received and the evalua- 
tion teams are presently evaluating this proposal. It can be expected 
that a contract will be let in the very near future. 

Money for this engine also has been provided in the 1961 budget. 

In more detail this firing schedule will look as follows: We do 
not propose to fire complete three-stage SATURN vehicles right from 
the outset. 

The very first flights are as follows: One flight in 1961, and two 
flights in. 1962. They will be first stage only with the dummy second 
stage and a dummy third stage. 

In the fourth flight, which will take place in the latter part of 
1962, we will have a live second stage with four of these 200-K_ hydro- 
gen- oxygen- -operated CENTAUR engines. Two more of these will 
follow in early 1963. 

In the latter part of 1963 there will be one and then two in the last 
quarter, full-fledged three-stage flights with a C-1 configuration. 

Therefore by the end of the Ist quarter of 1964 the first 10 C-1’s 
will have been fired, giving us this capability of firing the 11th in 
the 2d quarter of 1964. 

So far as the C-2 is concerned, we are limited by the capability of 
the availability of this engine, this 200-K engine which will take 
several years to develop. We have cautiously assumed that this en- 
gine will be available for flight tests around the end of 1964, enabling 
us to fire the first live vehicle in the third quarter of 1965 with the 
C-2, actually two flights in 1965. 

Since the C-2 version uses the same st: ige that we have in the C-1 
second stage now as the third stage, the ‘third stage is already set. 
The fourth stage is identical with ‘the third st age of the C —1, so the 
real new problem i is the new large second stage for the 200-K engine, 
and therefore we believe with two more vehicles we can round out the 
entire program. 

This about winds up my story, sir. 

Mr. Tuomas. Thank you very much. That was most interesting 
and we have been delighted to have you. 


Dr. Pickering, do you have a statement about JPL and what. you 
are doing ? 
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STATEMENT OF DR. WILLIAM PICKERING ON THE JPL PROGRAM 


Dr. Witu1Am PricKkertne. I would like to talk a little bit about the 
JPL program and how we fit into this picture. — alia 

Specifically, as you know, we have been assigned the responsibility 
for the lunar programs. 

(Discussion held off the record.) 

Dr. Pickrerinc. What I would like to indicate here is the sort of 
spacecraft development program you get involved in as you move 
through the series of vehicles which become available. 

For example, we have first the ATLAS-AGENA B which is the 
first vehicle to be used for these missions. 

Then we move to CENTAUR and SATURN. 

As Dr. von Braun said, SATURN gives you payload capabilities 
on the order of 10,000 pounds for the moon. 

CENTAUR is on the order of 1,000 pounds. 

The ATLAS will be on the order of 500 pounds. You go from 
500 to 1,000 to 10,000 pounds. 

In all of this program, what we are looking at is the development 
of the unmanned vehicles, so we ask ourselves what the engineering 
problems are we have to solve looking toward the application eventu- 
ally of manned flight to the moon and beyond. 

In connection with this type of vehicle which we are looking at we 
run into a variety of engineering problems of increasing complexity 
as the spacecraft are developed. 

This spacecraft, for example, is a simple spinning object in space. 
For almost any of these missions, we have to do better than that. 
We have to stabilize the spacecraft in space, we have to point it 
toward the sun, we have to maneuver it, land it, we have to point 
an antenna on the spacecraft back toward the earth, so you have a 
spacecraft which is capable of doing, in fact is required to do, many 
different things. 

As we go through this we see an evolution of spacecraft complexi- 
ties, a family relationship right through the series. 

First we have the lighter ones, relatively simple, lunar soft land- 
ing and precision lunar soft landings. 

In order to do this, then, we find a requirement of building a 
device which speeds the complexity of the ballistic missile—rockets, 
guidance, communication, and television. All of the sorts of things 
which you see in ballistic missiles are involved, so your spacecraft 
can be quite complicated devices. 

I think the history of the jet propulsion laboratory in this area 
is very appropriate for this kind of problem because we have, over the 
year, built up a capability in the broad spectrum that we need for a 
complete ballistics missile system. All of those skills are available 
at the laboratory for this job. 

I should like also to point out the leadtimes required in this sort 
of program. For example, right now we are starting in on the pro- 
gram of these vehicles. Before the end of the year we must start in 
actively on the CENTAUR program, and before the end of 1961 on 
the SATURN program. So long leadtimes are involved. There are 
commitments to be made which have to mesh with the vehicle avail- 
ability which Dr. von Braun discussed. 








446 


In the case of the planetary program. we have much the same sort 
of picture, except here we are restricted in the launch dates. You 
are limited in the amount of energy available and the time to travel] 
to the planets, and then there are uty ‘ertain times when a planet 
and the earth are in positions that allow you to fly to them. 

It turns out, for example, that toward the end of 1963 you have an 
opportunity for firing to both Mars and Venus. After that, about 
every 14 months to Venus and Mars. So you have the opportunities 
shown here. 

Furthermore, the actual moment of launching is quite limited. In 
other words, the payload which you can carry to the planet. varies 
quite considerably as you move away from a certain optimum time 
of launching. This is an interesting problem in distinction from most 
all other space problems, in that you have to commit yourself to a 
firing time to the second when you start on the program. You have 
to meet that. Otherwise, you have had it. 

This program uses CENTAUR for the first series of planetary 
shots, in the 1962 and 1964 shots. Then we use the SATURN for 
later shots. 

In complexity, the first shot is essentially the modified payload of 
the ATLAS-AGENA type. Then we go into payloads which will 
have guidance which will | bring them in closer to the planets, and 
then orbiting around the planet and, indeed, having a capsule which 
will be thrown off the main body of the space cra ft and will land on 
the planet. In the process it will transmit information to the main 
body of the space craft, which in turn will rely it back to earth. 

“Vicinity” means within a million miles, a “near miss” about 100,000 
miles, and “orbit” about 1,000 miles. 

In order to carry on these programs, of course, in addition to 
the vehicle and the spacecraft, one needs the communications system. 
It does not do you any good to place something out in space unless 
you can talk to it. As discussed earlier , one of the tracking networks 
is planned for this purpose. There are three stations 120 degrees 
apart around the earth with which we can maintain continuous con- 
tact with lunar or planetary vehicles, so we can get information 
from the vehicles and transmit from earth to the vehicles. That 
spacecraft will be such as to allow us to communicate with the ve- 
hicles at distances of tens of millions of miles. We can transmit in 
the vicinity of Mars and Venus in the 1962 period and, as time goes 
on, we will be able to transmit a greater amount of information. 

(Brief recess.) 

Mr. Tuomas. Doctor, will you proceed, please, sir. 

Dr. Pickertne. I should like to point out again that in the case 
of the planetary spacecraft they have a family resemblance to space- 
craft involved in the larger and more complex vehicle. There are 
many engineering problems to be solved in developing spacecraft 
which will, for example, do this last task here of flying out to Venus, 
say, going into orbit around Venus, and throwing out an entry capsule 
which will land on Venus and make observations as it goes in. It 
will be a really interesting engineering problem to solve that. 

In order to do this kind of ‘thing, we are asking for engineering 
work of the very highest order—as is true in many areas of this 
program, of course. 
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Again I should like to suggest that I believe that at my laboratory 
we do have a background of experience which covers this field quite 
well, and it is quite : appropriate for this sort of task. 

I might also comment that within the present scope of the labora- 
tory we would expect that these two programs would require a very 
large amount of industrial support. Within the laboratory program 
we are primarily interested in the advanced engineering and scientific 
problems which must be solved. Much of the deve lopment work will 
be handled by industry and, in fact, complete system responsibility 
may be given to industry in some areas. So we will require heavy 
industri: al support to complete the task. 

Again I should like to say that the task also involves a great deal 
of systems planning. One has to integrate the vehicles which Dr. 
von Braun’s laboratory is building with the spacecraft, the scientific 
instrumentation, the tracking cap: ability, All of this must be work- 
ing together in order to accomplish these missions. Deep space 
instrumentation facilities play a very important part in the operation. 

Mr. Tuomas. Thank you very much. 

Dr. Strverstern. Mr. Goett, of Goddard, has a lot of interesting 
gadgets he could point out to you if you would care to take another 
minute or two. 

Mr. THomas. Go ahead. 


STATEMENT OF MR. GOETT 


Mr. Goert. First I would like to show you the spectrum of jobs 
that we find ourselves confronted with at Goddard. Our job is to 
provide the payloads for the scientific earth satellites, the application 
satellites which might deal with meteorology and communications, 
and manned space flight. We are dealing with some 35 of these pay- 
loads right now. What you see here is just what we would consider to 
be a representative sample. I might have put “gear” running across 
here. 

These two are past history. First, the sounding rockets. Since 
Goddard has been in existence, we have fired some 10 of these. We 
expect to fire some 80 more during the coming year. 

Here is the VANGUARD III which went into orbit last September, 
While its batteries lasted, for 3 months it gave us some 5,000 readings 
on the magnetic field of the earth. It gave us information on micro- 
meteorite impact here. There is a little microphone behind this, and 
this gets hit about once every 3 minutes. It has told us that up there 
the solar cells will not. erode too much because here we have an 
erosion gage which shows no evidence of eroding. If it did, the re- 
sistance would change. It has given us information on the X-ray 
radiation which exists up there. Here is a sort of functional instru- 
ment. This thing is spinning, and it tells us when we are looking at 
thesun. It tells us the ori lentation of the vehicle. 

The PIONEER V has been described. We had a monitoring- 
management rel: ationship on this. 

Here is TIROS, which will go up soon and will attempt to take 
pictures of the cloud cover of the earth, which will be used then by 
meteorologists in order to try to predict weather. 
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Here is NIMBUS, the second-generation vehicle that we are start- 
ing now on the design board and probably some 18 months from now 
we will expect to get launched as soon as a bigger launching vehicle 
becomes available. 

Here is Project MERCURY, which is the responsibility of one 
large group in our organization. I think you heard a lot about that 
several weeks ago. 

Now here is an orbiting astronomical observatory, as you can see, 
of some 3,000 pounds. It is at the forefront of the state of the art. 
We shall attempt to put astronomical instruments in it and point them 
at various points in the sky with the accuracy and steadiness of a 
ground telescope to take advant: ige of the fact that they are up above 
the atmosphere. 

This is an imposing job, and I think there is no one outfit which 

‘an do it all. We do it by a combination of outside industrial help 
ont internal work at Goddard. 

During this coming year we shall spend $145 million on this out- 
side contractual help, and some $35 million will be expended on 
internal work and support thereof. Our philosophy in staffing God- 
dard and creating its facilities has been that we want to make maxi- 
mum utilization of such outside help as exists, consistent with main- 
taining within Goddard a capability in each one of the technical areas 
so we can knowingly monitor this job. 

It would be nice if I could take any one of these satellites and go 
into detail and tell you how we do this. They vary enormously in 
complexity and type of management, but they all have the same 
phases which they must go through. 

There is the conceptual design, the choice of mission, and the various 
ways of doing it. There is the detail design, development and fabrica- 
tion of components. Finally, there is, you might say, an acceptance 
test or proof test of the conceptual ideas that went into it to see if we 
have the right product. There is the operation when you launch and 
track it. There is, finally, the data analysis and scientific reports. 

The major portion of the $145 million that we spend outside is 
spent in this area. The major portion of the $35 million that we 
spend inside is spent at key crossroads so we can, let us say, have con- 
trol of the project. 

Rather than going down through these various items here, I should 
like to take a few typical ones. Under the conceptual design there 
is the mission selection, in which we cooperate with headquarters. 
Then certain approaches have to be made. The big thing is the ex- 
perimental equipment which is to go in there to make the scientific 
measurements that we want. You appreciate that we are confronted 
with the problem of miniaturization, making these instruments work 
in an environment with which we are quite “unfamiliar. Design ap- 
proaches must be developed before you can turn this over to somebody 
to execute. 

IT have here a number of the small instruments which really are 
the heart of things. Here is an instrument which will fly, let us say, 
in a sounding rocket. This thing will be rotating and this window 
will look out. Radiation will come in this window. | This window will 
pass radiation only above a given. frequency. Inside there is a gas 
which will be ionized below a given frequency. So now we have @ 
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frequency band here, and any radiation which comes between this band 
of 1,100 to 1,300 angstroms we shall be able to measure. 

We have to be able to measure the electric potential. So here is a 
Goddard-produced, in a breadboard sense, instrument which will go in 
here, and a similar one in here, for the measurement of the electric 
potential. ale ae ' 

Here is another mstrument. This is Just a standard geiger counter. 
The problem i is that you want to count the number of particles which 
come in here and hit. the gas in there, which will be ionized. Instead 
of measuring the voltage which has been generated or the degree of 
jonization, we need something which will count, just the number of 
counts. Here is another Goddard-developed instrument that measures 
the pulse rate, anywhere from 1 to 1,000 pulses per second. 

Mr. Yarrs. Can you give us any estimate of how much any one of 
those instruments costs in the course of development? Take the one 
that the chairman is holding now. 

Mr. Gortrr. The development is so diffuse and goes so 
it would be very difficult to say. 

Mr. Yares. You have no idea what it is likely to cost ? 

Mr. Goerr. I am afraid I cannot give an authoritative answer to 
that. 

Mr. Yates. It is not cheap, though, is it ? 

Mr. Gorrr. No. 

Mr. Ruopes. You do not measure that radiation in roentgens, then, 
as we oe earth. What is your unit of measure ? 

Mr. Gorrr. Actually, the way you do it is to take this gage off there 
and measure the ionization, the voltage produced, and ‘then bring it 
down on the ground and expose it to a radiation on the ground from 
which you get the roentgen measurement. You get a sort of con- 
version factor. This conversion factor is just as good as your guess 
at to what is up there. We need more and more sophisticated in- 
strumentation to tell us that. 

Here are a couple of other instruments. Generally we have these 
objects spinning. We want to know which way they are pointing. 
Here is the sun cell, which is really a photocell. E very time it passes 
the sun this will give a pulse which will go into the electronic instru- 
mentation. We know it is pointing at the sun. 

Here 1 is an earth cell on the same principle. At any given time when 

are measuring the magnetic field we want to know in which diree- 
tion the vehicle is pointing. 

I do not mean to imply that we do all this alone. This particular 
VANGUARD III was launched last September, and for 3 months 
gave us good data. The heart of this is the magnetometer up here 
which, as you can see, is separated from the rest of the magnetic 
material in the vehicle by this Fiberglas material here. This has given 
us some 5,000 measurements on the magnetic field of the earth. We 

can measure within one ten-thousandths of the magnetic field of 
where we are sitting right here. We measure fluctuations. We are 
trying to build up a store of knowledge as to the relationship between 
the magnetic field variations in space and the radiation characteristics 
in space. It is instruments like these which first must be developed, 
at least in a breadboard sense, before you can go into this stage, and 
this is Goddard’s job. We do it largely inhouse, but in connection 
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also with many other people in the scientific fraternity, houses like 
Varian which work with us there. 

Secondly, after the experimenter has developed his instrument, you 
have to have some means for tr ansmitting this information dows to 
the ground. These rockets which Dr. von Braun builds are not rea] 
gentle on instrumentation, so it cannot be a really delicate one. 

Dr. von Braun. Monkeys can take it. 

Mr. Goert. On this one here, we had 48 different types of informa- 
tion that we wanted to transmit to the ground, and a very limited 
amount of weight. The outfit that I inherited, which cate iously was 
working at NRL but came over to VANGUARD, developed this, 
This is the i intervening Pa ice which goes in between the sensing equip- 
ment and the telemetering transmitter down here and takes the in- 
formation and sort of stores it in a me mory core here—this me mory 
core was made possible by a background development on magnetic 
cores—and then picks it off on each one of these little transistors. It 
is like a commutator but it is a light and reflective commutator. It is 
this piece of equipment, the heart of the apparatus, which enables us 
to get these 5,000 measurements here. This is a service group to the 
scientific men to help them get their data down to the ground. 

The TIROS, which I showed you, will go around the earth and we 
shall not have the ability to interrogate it all the time. It will pass 
over a certain portion of the earth and it will store its data on a mag- 
netic tape which you can see here. 

This magnetic tape is capable of storing some thousand seconds of 
information on it and when the satellite comes over one of our mini- 
track stations, an interrogation signal will come up and in 3 seconds 
the data will be transmitted back to the ground, put on equipment, and 
then sent up to the Goddard Laboratory “where all this will be decoded. 

This also is an internally de »veloped piece of equipment which has 
become the prototype for other pieces of equipment we are getting 
designed in other satellites. 

This is an intermediate link, which takes the information off there, 
codes it, and passes it on to the telemetry. 

Another aspect of this task, which is too big and so TI do not have 
any samples of it, is that we have to decide which ways and means 
we are going to use for the control of some of these other vehicles. 

Take the orbiting astronomical observatory. We have to do a job 
here which at least is at the frontier or maybe be pou the frontier of 
what can be done now. We have people at Goddard who are going 
around to our research centers to get the advance research information 
from them which in due course will be designed into this vehicle in 
order to make it a vehicle that, come 2144 years from now, will do its 
job. 

Passing from the conceptual design, we go to the detail design and 
development phase. Here, as I say, we do the major portion of it out- 
side—although the smaller, this rocket and this were built completely 
in the Goddard shops—the larger vehicles we expect will be contracted 
outside. As a matter of fact, this job here was done entirely on a 
contracting basis. 

Mr. Botanp. By what shop? 

Mr. Goerr. Space Technology Laboratory did this job here, 
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This also is reflected in our Goddard organization. It is different 
from my background. Previously, the NACA did it. We have to have 
a very strong contract monitoring group. 

In the first place, we are building up a set of mature technical proj- 
ect managers, and then a very strong business part of the organization 
to handle the procurement and contract part here. This part of the 
job has sort of moved up and become of equal importance with us at 
Goddard in comparison to what it might be at Ames, where I came 
from. 

Next is the payload proof test. We consider this of primary im- 
portance. The manufacturing industry has produce ed the thing. Now, 
there are a bunch of somewhat speculative ideas in it. 

We have to find out how it works, in a prototype sense, and then also 
we have to make sure that this thing that we are going to put up in 
flight and with a lot of money behind it. will work. ‘We are going 
to have to subject it to as much ground testing in space env ironment 
as we possibly can. 

Right now we have adequate capabilities to do this on this small size 
pay load, but we have to look to the future. We do not have the equip- 
ment in which we can subject this particular large payload to the en- 
vironmental tests, vacuum conditions, temperature conditions, radia- 
tion conditions—we need this. This is one of the items in our C. & E. 
request. 

Dr. Drypen. The question came up as to what payload capacity that 
equipment would take care of. 

From a few hundred pounds to what ? 

Mr. Gorrr. The ones we have now ? 

Dr. Drypen. The equipment you are asking for in 1961. 

Mr. Gorrr. I know it in terms of size. It is an 11 by 15 chamber. 
This is what. we are presently thinking of. If you want to look 
forward in the future to when we get to the bigger payloads such as 
the SATURN will launch, this is not going to be adequate for our 
total needs, but that is another year. 

Mr. Yares. Is it cheaper to build a bigger one first or not; or must 
you build them both ? 

Mr. Gorrr. Under any circumstances, since you put a payload in 
there and possibly it takes 4 to 6 weeks to test it, we will need both 
in the long run and the smaller one will be useful first. 

We will always be firing, I think, smaller payloads, though there is 
debate about this. 

Mr. TrHomas. You are working in 1960 on a poyload of 200 to 300 
pounds, are you not ? 

Dr. Drypen. Yes. 

Mr. Gorrr. We need to test components on this. 

Getting on to the operation, we furnish a launch crew at Canaveral 
to work together with the vehicle people. When the payload gets in 
orbit, our minitrack stations do the tracking and ground data ac quisi- 
tion. You know we had a north-south fence of minitrack stations 
which was capable of taking care of east-west flying satellites. 

On newer stations we are building an east-west fence, which will 
take satellites that fly in the other direction, north and south. 

These are spotted around so that they will be able to track and in- 
terrogate the satellites that we anticipate. 
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As you know, each one of these stations will be connected by com- 
munication lines to Goddard. Data will be fed in here, will be trans. 
lated by IBM machines and the like from the coded type of informa- 
tion that we get into a form that can be analyzed in this final stage 
by the scientific experimenter. We made a rough check yesterday 
of these 35 satellites we are talking about and there will be some 
50 different scientific experimenters here, a number of which will be 
at Goddard, a number of others will be out in the scientific « ‘ommunity, 
It will be our job to furnish them the data from these satellites in 
a meaningful form and then they will produce the scientific reports, 
which is the end product. 

Mr. Jonas. May I ask a question? Not that we need it here, but 
for other people who will read this record. Can you tell us in every- 
day language some of the information you have analyzed so far? 

What information have you gotten back of a practical nature? 

Mr. Goerr. This instrument, the magnetometer, has given us in- 
formation, as I say, on some 5,000 points on the magnetic field of the 
earth. 

Mr. Jonas. What did it give you? What were the points? What 
did it tell us we did not know ? 

Mr. Goerr. We are still in the process of analyzing it. We got it 
last December. It is being looked at to try and determine the fluctua- 
tion in the magnetic field of the earth and tie this in with the radia- 
tion in the Van Allen Belt. We have to know this in order to explain 
the buildup of the Van Allen Radiation Belt for one thing, in a 
scientific sense. 

Dr. DrypEN. Maybe you should talk about magnetic storms, which 
might be a more familiar concept. I think you know of the disturb- 
ances that happen to radio and telegraph communications at certain 
times. 

Mr. Jonas. A lot of people think you folks are causing this bad 
weather we are having, and the tornadoes that occur with increasing 
frequency, et cetera. 

Mr. Goert. This is true. 

Mr. von Bravun. Is he giving you a snow job. 

Mr. Jonas. I just thought, if you could state for the record one or 
two things that we have learned so far. 

Mr. Taper. Have we found the atmosphere was rarer and hi irder 
to get into than we expected or have we found the other way ? 

Dr. Drypen. It is more dense. 

Mr. Gorrr. We have established the pressure and density variation 
in the atmosphere so that in future manned space flight we can 
design vehicles that will properly relate to it. 

Dr. Drypen. It was denser than we thought at heights of 200 
miles. There is about 10 times as much air up there as we thought 
on the basis of extrapolation from lower altitudes. You have heard 
about the radiation belt and the hazard to photographic film, to man. 

Mr. Jonas. Did we previously know the extent of this belt? 

Dr. Drypen. We did not even know it existed until Van Allen 
discovered it in the data radioed back by the very first satellite that 
was put up by this country. The shape of the earth has been deter- 
mined a little more accurately. 

Mr. Goerrt. I think the other thing that I consider 
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Dr. Drypen. We have learned that meteorites are much less haz- 
ardous than we thought. Before we sent these satellites and probes 
up, we thought we would be running into lots of meteoric dust. This 
turns out not to be the case. The particles are very small and you hit 
one every 3 minutes or something like that. 

Mr. Tuomas. Doc, how does that affect the price of beans? 

Mr. Goetr. I was about to say that we have gotten information on 
the existence of the solar wind. Actually, in considering any of man’s 
space flights, the problem is whether the man will get out there and 
get exposed to, in effect, a wind of these particles which will be fatal 
tohim. We find that aside from the Van Allen radiation belt, there 
are periodic emissions from the sun which, in manned space flight, we 
either must totally avoid, or else we must find a way to protect the 
man from it. 

Mr. Jonas. I am going to listen to Dr. Thomas F. Malone talk 
about. meteorology tonight. I thought you might give me a little 
new information to spring on him, or comments to make that will 
indicate I know more about the subject than he does. 

Dr. Stmiverstern. Mr. Chairman, with regard to your question 
about the price of beans, this is quite interesting: We have been able 
to make a preliminary correlation on the price of wheat and the 
activities of the sun. You know, the sun has an 11-year period of ac- 
tivity associated with its rotation and we took the price of wheat 
over a period of 350 years, working from the existing baseline and 
only measuring the disturbances from the baseline. Of course, the 
price reference has changed continuously over this period. We took 
the fluctuations obtained from data published previously on this 
factor and correlated that with the sun’s activity and showed a cor- 
relation. I thought that was pertinent to your remark about the 
beans. 

Mr. Jonas. Are you working on a plan that will tell them how 
to grow less of it? 

Mr. Gorrr. Your question of Dr. Malone: Actually, the TIROS is 
going to go up there and take pictures of cloud cover. 

Mr. Botanp. You have had pictures of that, taken before, have you 
not ? 

Mr. Gorrr. Not to any great extent, not anything that is meaning- 
ful, but we will get these pictures of cloud cover and it will become 
a meteorologist’s research problem as to what is the significance of 
this cloud cover. We have another instrument that is going in an- 
other version that will measure the infrared variations over the sur- 
face of the earth, which everybody thinks is of significance in estab- 
lishing weather. 

This is one that will affect the weather. It will give us informa- 
tion, at least, to predict what the weather is going to be. I think that 
ends my story. 

I hope I have given you an idea of the spectrum. 

Mr. Tnomas. That is very interesting. Thank you very much. 
We all know more now than we did before. 

Mr. Jonas will be able to spread it on the record tonight with the 
professor. i 

I think Mr. Yates had a question that he would like to ask, Dr. 
von Braun. 

Mr. Yates. May I ask you a question, Dr. von Braun ? 
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ADEQUACY OF FUNDS REQUESTED FOR SATURN 


You talk in terms of saving a year by an additional appropriation, 
Previous statements I had seen attributed to you had indicated we 
were several years behind the Russians in terms of engine capability, 
Will the amount of money that is being requested here help eradicate 
that lag in your judgment, or should we make more available? Wil] 
the prov ision of more money do it, or is this amount adequate for the 
job ¢ 

Dr. von Braun. I do not believe that we could intelligently spend 
much more money on SATURN. At least we could do nothing but 
shall we say try parallel approaches and do this kind of thing that 
may buy us a little more assurance, but I do not think we could buy 
time with more money. And to answer your question of whether 
this is enough to catch up with the Russians, we have to know how 
fast the Russians are running, and this I do not know. 

Mr. Yates. This is true, of course, but you had indicated we were 
years behind the Russians and while it is true, we do not know how 
fast the Russians are moving, presumably their rate of progress will 
be as great as it was in the past. Will our rate be speeded up sufii- 
ciently so that in time we can catch them / 

Dr. von Braun. Well, I think I cannot go much further than just 
to say I do not see any possibility of speeding up the SATURN be- 
yond this 1 year, no matter how much money you would swamp on 
us. One could try a parallel approach and develop another booster 
and thereby playing it safe in case the SATURN should hit a major 
snag, but otherwise, I do not see 

Mr. Yares. I am sure your statements in the past made many people 
fee] quite concerned about the g: ap that exists between the stage of our 
research and the Russian’s. Are we doing enough to catch up, are 
we doing enough to overcome the lag? When you limit your answer 
to SATURN, does that cover your entire vie wpoint ¢ Do you have 
opinions as to what we should be doing in other activities than 
SATURN in order to make up the distance / 

Dr. von Braun. SATURN involves, of course, elements such as 
hydrogen upper stages where very considerable fundamental work 
must be done which cannot be speeded up beyond a certain space. 
Beyond that, we hope to go to the nuclear stages, but here again we 
are confronted with prob lems where first as Dr. Dryde n pointed out, 
more knowledge must be acquired. 

For example, the Plumbrook facility near Cleveland is to provide 
basic knowledge on reactors and problems like heat transfer in re- 
actors, et cetera: 

Mr. Yares. Can I safely say for the record that in your judgment 
the request that is being m: ade here for the exper iments to be under- 
taken isas much as we can do at the present time ? 

Dr. von Braun. Yes, sir. I think by and large this is the case. I 
may add one little remark, though. I was a little frightened when 
I heard this morning that elimination of our engineering and office 
buildings for Huntsville is seriously under consideration. 

I think if these construction projects at Huntsville would not be 
approved, this would really set us back. 

Mr. Yates. What do you mean “under consideration” ? 

Dr. von Braun. I had the impression this morning 
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Mr. Yates. It is under consideration. 

Dr. von Braun. I was very definitely of the impression this morn- 
ing that these particular projects may be eliminated from the 1961 
fiscal year construction program. 

Mr. Jonas. Off the record. 

(Discussion off the record. ) 

Dr. Drypen. Mr. Thomas has not made his decision yet. 

Mr. Tuomas. Thank you, Doctor. You have answered Mr. Yates’ 
question. 

Mr. Yares. Thank you, Doctor. 

Mr. Tuomas. We have certainly been honored to have you dis- 
tinguished gentlemen. If you have to leave, thank you for coming 
and for your fine talks. 

Sounpine Rockers 


Turning now to sounding rockets, we shall insert in the record at 
this point pages 147-149 and 149-1 through 149-3 of the justifications. 
(The pages follow :) 
SOUNDING ROCKETS 


Fiscal year 1959_____- 
Fiscal year 1960_____ 
Fiscal year 1961_- 
1. Objectives 

To determine and understand the composition, structure, spatial distribution, 
dynamical behavior, and equilibria of the earth’s atmosphere; to investigate the 
interactions of incident electromagnetic and particle radiations with the earth’s 
atmosphere, including solar-terrestrial relationships: to determine and under- 
stand the relations between the earth’s upper atmosphere and its surface meteor- 
ology ; and to carry out exploratory geophysical and astrophysical investigations 
leading to later satellite and deep space probe experiments. 


peel ite ae oat 
ne a eins aaetiene Se nie ee ee 8, 811, 000 
ea a I a) PILE hs Ae 8, 000, 000 


2. Justification 


A sounding rocket is a rocket used to carry a scientific payload to a height 
of up to one earth’s radius, i.e., about 4,000 miles. The sounding rocket affords 
a means of investigating the earth’s atmosphere in vertical cross section out 
to the distance at which the atmosphere merges with the medium of inter- 
planetary space. Both exploratory and routine experimental programs are pos- 
sible with relatively simple tracking ranges and launching sites. Many investiga- 
tions of atmospheric structure, composition, ionization, motions, aurora, air 
glow, absorption of solar radiation, and interactions with cosmic rays and other 
particles can best be conducted by means of sounding rockets, particularly at 
altitudes below those at which satellites can remain in orbit. Moreover, many 
sounding rockets are easily and quickly launched from shipboard or other special 
sites on short notice for the investigation of sporadic phenomena such as the 
aurora, magnetic storms, and solar flares. The sounding rocket also provides 
a means of testing under actual operating conditions equipment intended for 
later use in satellites or deep space probes, thus providing a check on the equip- 
ment before it is committed to the much more expensive vehicles. The current 
NASA program is based on experience gained from 13 years of rocket soundings, 
and is a program designed to extend and to fill in the gaps in the knowledge so 
far acquired on the earth’s upper atmosphere and in rocket astronomy. 

Operationally, the NASA rocket sounding program divides into three parts: 
(a) “low altitude” soundings up to 100 kilometers (60 miles), (b) “medium alti- 
tude” soundings reaching to 400 kilometers (250 miles), and (c) “high altitude” 
soundings above 400 kilometers, extending to one or several thousands of miles. 
Part (a) is directed toward completing our knowledge of the lower atmosphere, 
and includes detailed measurements and synoptic studies of geographical and 
temporal variations in atmospheric properties, with particular interest in re- 
lations of the higher atmosphere to surface meteorology. Part (0b) involves the 
study of the high atmosphere, with particular emphasis on the ionosphere and 
solar-terrestrial relationships. This portion of the program also includes rocket 








456 


astronomy. Part (c) involves the study of the outer portions of the earth’s 
atmosphere and the fringe regions where the atmosphere merges into inter- 
planetary space. Work in this portion of the program is still in its beginning 
stages, and measurements in the immediate future will be of an exploratory 
and survey nature, laying the groundwork for more detailed and precise ob- 
servations later on. 


? 


3. Program phasing 


In the fiscal year 1959 a large part of the work was devoted to the analysis 
of data obtained during the International Geophysical Year. In addition, work 
was started on the development and preparation of advanced instrumentation for 
continuing the rocket sounding program. Examples of this instrumentation in- 
clude the development of a new type of magnetometer and the development of 
new types of mass spectrometers, pressure gages, and ionospheric instrumenta- 
tion. During this fiscal year about 35 sounding rockets of the low and medium 
altitude types were procured for the sounding rocket program. Both low alti- 
tude and medium altitude soundings were conducted. 

During the fiscal year 1960 the analysis of data obtained from sounding rocket 
flights is continuing. The medium altitude sounding program is being greatly 
strengthened and the rate of soundings increased. The development of advanced 
instrumentation begun in the fiscal year 1959 is continuing. About 75 sounding 
rockets are being procured and their payloads funded. Most of these are of the 
fiscal year 1960 altitude range, but some high altitude rockets are included. By 
the end of the fiscal year 1960 the rate of rocket soundings will attain a level 
of about 90 rockets per year. A beginning is being made in the performance of 
outer atmosphere experiments, using such vehicles as the JASON and JAVELIN 
rockets. 

The funds requested for the fiscal year 1961 will permit the continuation of the 
rocket sounding program at the level of about 90 rockets per year, including 
purchase of the necessary rockets, preparation of the payloads, and analysis of 
the results. Development of advanced instrumentation will continue. In ad- 
dition to continuing the low and medium altitude work vigorously with about 
70 rockets, the high altitude soundings will be stepped up, with particular em- 
phasis on the outermost portions of the ionosphere, interactions between the 
ionosphere and the radiation belt, studies of the aurorae, and studies of the 
earth’s magnetic field. 


,. Program costs 





| Fiscal year Fiscal year Fiseal year 
} 1959 1960 1961 
a ‘ | 
Advanced cechnical development: | 
Scientific and technical studies $220, 000 | $711, 000 $500, 000 
Development of advanced instrumentatior 420. 000 | 2, 100, 000 1, 300, 000 
Flight research program: 
ES ee 1, 385, 000 3, 109, 090 | 3, 200, 000 
Payloads_-_......- Bee eee =. 1, 536, 170 2, 900, OM 3, 000, 000 
PU bese ktandtentaaioliedees = ; 3, 556, 170 8, 811, 000 8, 000, 000 





OBJECTIVES 


A sounding rocket is a rocket which rises to a maximum altitude of 4,000 
miles (one Earth’s radius) and then falls back to the Earth. The primary use 
of sounding rockets is for the scientific exploration of the upper atmosphere. 
Tasks for which sounding rockets are particularly suited are— 

1. Direct measurements of atmospheric conditions above the maximum 
attainable balloon altitude and below the minimum satellite altitude; that 
is 20 to 125 miles. 

2. Measurements of vertical atmospheric cross sections over any altitude 
range. 

3. Simultaneous measurements (synoptic observations) above a number 
of selected locations, possibly timed to coincide with some unusual event 
such as a solar flare. 

4. Upper air measurements which require a very large payload power 
level for only a short period of time. 
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5. Experiments which require the recovery of film after a short exposure 
at altitudes up to several thousand miles, 

Sounding rockets are used to determine the nature, structure,, and behavior 
of the atmosphere and its interactions with incident radiations and particles, 
particularly those from the Sun; and to measure radiation arriving from other 
celestial bodies, from above the obscuring and distorting lower atmosphere which 
handicaps all Earth-bound astronomers. In addition, sounding rockets are used 
for the extremely valuable purpose of testing equipment before its use in the 
far more costly satellites and space problems. The relative simplicity of the 
launching facilities required by sounding rockets is a distinct advantage. 
Launchings are planned from the Artic (Fort Churchill, Canada) and from the 
Southern Hemisphere (Australia), as well as from the NASA facility at Wal- 
lops Island, Va., to achieve better worldwide coverage. 

The $8 million requested in the fiscal year 1961 budget for the sounding- 
rocket program will provide for its continuation at about the level established 
during the International Geophysical Year and maintained in the NASA sched- 
ule for the second half of fiscal year 1960 and the first quarter of fiscal year 
1961. This level of 90 to 100 rockets per year, as shown in the schedule, will 
provide for the continuation of the planned research program in the scientific 
areas of aeronomy (atmospheric physics) and astronomy, which each consume 
roughly one-third of the rockets; and in the areas of energetic particles, mag- 
netic fields, and ionospheric physics, which each consume about one-tenth of 
the rockets. The special problems category includes rockets which are used for 
several scientific areas jointly, or for a project which does not fit into any one 
of those areas. This NASA space-research program using sounding rockets is 
coordinated closely with the NASA scientific satellite and space probe research 
programs, and with the upper atmosphere research programs of other U.S. 
agencies, to form a unified national program of scientific space exploration. 


Sounding-rocket schedule 


Fiscal year Fisc vear 1961 
1Y60 quarters 
Scientific area quarters) | 
3 Geied 2} 3 | 4 

b 

Aeronomy fi 6 13 13 y ) 
Astr nomy H s » s © | h 
Energetic particles 2 6 2 1 3 2 
Magnetic fields 5 1 2 3 
Ionospheric physics 2 2 2 2 2 2 
Special problems 10 3 3 1 2 , 
Potal 3 29 25 24 24 


SCIENTIFIC AND TECHNICAL STUDIES 


The sounding-rocket program costs are divided between the advanced technical 
development and flight research programs. Under the former category is 
included $500,000 in the fiscal year 1961 for scientific and technical studies. 
These studies include long lead time theoretical and laboratory investigations 
of the probable nature of the upper atmosphere and the radiant energy incident 
upon it. They are based on past experimental and theoretical research, and lead 
to an increasingly accurate picture of this region of space and to new experi- 
ments based on this new knowledge. The funds for the fiscal year 1961 are 
to be devoted to the areas of upper atmospheric composition and circulation, 
and of the problems associated with mapping the celestial sources of ultraviolet 
radiation, which were just discovered during the IGY. It may be noted that the 
ionosphere and plasma investigations studies which were funded in the fiseal 
year 1960 have moved directly into the payload area in the fiscal year 1961, 
because the basic instrumentation development required prior to launching 
payloads in these scientific disciplines has been completed. 
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Item Fiseal year Fiscal year Fiscal year 
1959 1960 1961 

Composition upper atmosphere $160, 000 
Energetic particles study 40, 800 
Gas composition study 19, 200 $85, 400 $174, 500 
Winds and diffusion (sodium 246, 000 125, 500 
Plasma environment Measurements 137, 700 
Ionosphere current Measurements 40, 000 
Ultraviolet mapping experiment 100, 000 200, 000 
Ionosphere propagation Measurement. ihe 91, 900 

Total 7. 4 ae - . 220, 000 711, 000 500, 000 


DEVELOPMENT OF ADVANCED INSTRUMENTATION 


The second item under advanced technical development is the development of 
advanced instrumentation, for which $1,300,000 is being requested in the fisea] 
year 1961. The decreased amount in this category in the fiscal year 1961 reflects 
the fact that the fiscal year 1960 program funded much of the basic first genera- 
tion scientific and technological support instrumentation. As shown in the table, 
five tasks will be completed with fiscal year 1960 funds, including the $561,000 
development of the important nuclear emulsion recovery vehicle (Nery). Only 
two new tasks, the development of upper atmospheric wind instrumentation and 
of an Aerobee rocket aspect control system, will be initiated with the fiscal year 
1961 funds. 


Item Fiseal year Fiscal year Fiscal year 
1¥59 1¥60 1461 

Neutron sensors _ $100, OOK 
Magnetometer re iy e280 000 
Magnetic mass spectrograph 124, 50 120, 000 
Video recorder 120, 000 
Telemetering and range instrumentation $200, 000 20), 000 
Antenna development ), O00 50, 000 
Dovap development 100, O00 100. 000 
Dovabd trailer ”) OOK ”) OOO 
Development of photographic probe for meteorological stud 68, OO +), 000 
Energetic particle instrumentation for micrometeorite d 

tion syste 250), OOF ), 000 
Coronagrap! 6, 000 1 O00 
tocket aspect control system (Aerobes 0 000 
F M transistor telemeters On 1), 000 
Telemetering and range instrumentation integratior 110, OO 150, 000 
Development of ultrahigh vacuum system 120, 000 ), 000 
Development of total pressure gage it 000 
Upper atmospheric wind instrumentation 1), 000 
Gas diffusion pump 40), O00 
Gas analyzer - ‘ Q 
Atmospheric structure instrument development 15, OF 100, 000 
Sweep frequency receiver WM 
1 tra l let = tterir det tometer (AR y¥ an) 
Desiegr adeveinn nt, na construction of 1 rome 

tection system ) 
Rocketborne antenna development “ 1) 
Development of Nerv packag ‘ 
Development of electrometers 40. 000 Lt) 

2 " y 4 wh) 


SOUNDING ROCKETS 


The fiscal year 1961 amount of $3,200,000 requested for sounding rockets is at 
about the same level as the fiscal year 1960 allocation. It will be noted that 
instead of purchasing a few of each type of rocket every year, rocket purchases 
are concentrated to buying larger quantities of fewer types in any given year to 
secure the economics of purchasing in larger quantites. This is particularly 
applicable to the ARCON, NIKE, ASP, and CAJUN types, which cost less than 
$10,000 apiece, and which are kept “in stock” for use as needed. Approximately 
10 percent of the fiscal year 1961 sounding rocket funds are devoted to improve- 
ments of the ARGO D-8, AEROBEE 150A, and ARCON rockets which have been 
found to be necessary for their most efficient employment in the research pro- 
gram. The average cost per sounding rocket is $27,000, which will allow 120 
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rockets to be purchased with the requested funds. This number provides one 
packup rocket for every 5 launching attempts, to achieve about 100 successful 
launchings. The cost per individual rocket ranges from a low of $6,000 for the 
ARCON, which carries 30 pounds to 65 miles, to a high of $50,000 for the 
JAVELIN, which carries 90 pounds to 700 miles. 


Item Fiscal year Fiscal year | Fiseal year 
| 1959 | 1960 | 1961 

2) NIKE-ASP boosters ; . : $50, 000 ; es a fala ha 
X-248 A6 rockets L ; 135, 000 Pe eee - 
12 HONEST JOHN rockets 4 Ce, 90, 000 : ae 
24 NIKE rocket motors ae Sixt 60, 000 aah SJak 
5 AEROBEE-100 rockets and boosters ie or 160, 000 Re 
7 {EROBEE-300 3d stages 50, 000 Red 4 
5 AEROBEE-HI rockets and boosters ‘ : | 450, 000 
= ASPAN rockets . 140, 000 $3, 900 — 
5 JAVELIN rockets and 7 vehicles B 245, 000 68, 900 i 
1b ASPAN rockets . = 103, 500 ; J 
23 NIKE CAJUN rockets_. ieee : 123, 200 ao 

2 NIKE motors 5, 000 |...--.------.- 
47 Aluminum-plastic laminate ASPAN rockets 279, 500 oe 
4SKYLARK rockets 150, 000 5 
4 ARGO D-& rockets 580, 000 Se 
6 ARGO D-4 rockets 300, 000 ~. 
2) AEROBEE-HI rockets and boosters 750, 000 A 
Development of aluminum-cased NIKE-ASP vehicle 480, 000 ; 
Improvement and modification of various sounding rockets 103, 000 |_- eaurt 
Develo} yment of IRIS-soundineg rockets 141, 500 |__ ae 
Wind tunnel tests of AEROBEE vehicles 11, 500 | 
35 NIKE-ASP rockets $332, 500 
24 NIKE-CAJUN rockets 137, 500 
5SKYLARK rockets 180, 000 
4 ARGO D-8S rockets 560, 000 
12 ARGO D-4 rockets 600, 000 
10 ARCON rockets 60, 000 
30 AEROBEE-HI rockets and boosters 


900, 000 
Design and development of ARGO D-8 payload housir 


ing 30, 000 
Developr nent of improved ARGO D-°8 fin 50, 000 
Development of motor shedding system 150, 000 
Incorporation of de-spin system for AEROBEE 150-A 100, 000 
Development of aluminized grain supper ARCON 100, 000 

Total a ai ms 1, 380, 000 3, 100, 000 3, 200, 000 


PAYLOADS 


A total of $3 million is required in the fiscal year 1961 to construct the pay- 
loads for the rocket sounding program. These payloads will permit a number 
of rocket firings in each of the major areas of research: (1) Solar physics and 
astronomy ; (2) energetic particles and magnetic field soundings; (3) ionospheric 
soundings; and (4) atmospheric soundings. A concentrated effort in solar 
physics and astronomy is necessary to collect the basic research information 
required to support the detailed design efforts on the orbiting astronomical 
observatories (future earth satellites). The rocket studies of primary particles 
will include investigation of the true nature of cosmic rays from galactic space 
and the search for new fundamental particles. Further investigations of the 
nature of the particles creating the aurora will be carried out with rocket flights 
from Fort Churchill. The payloads for these flights require accurate pointing 
controls and recovery systems to return films and photographic emulsions ex- 
posed to free space. The instrumentation for the ionospheric and atmospheric 
soundings will include accurate densitometers, ion probes, particle spectrometers, 
and other experiments to probe the ionospheric region in a systematic manner. 
Some of these experiments will be selected to correlate with satellite experi- 
ments. Special perturbations relating to sudden ionospheric disturbances and 
explosive warming will also be investigated with rockets. 


PROGRAM FOR ROCKET FIRINGS 
Mr. Tuomas. This covers your sounding rocket program. The 


request this year is in the amount of $8 million as against $8,811,000 
last year. 
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I believe you are going to send up 90 this year, are you, Doctor? 

Dr. Strverstern. That is about the number i 

Mr. Tuomas. Ten of them will go into the upper stages, or is that 
figure 20? 

Dr. Sitverstern. There will be somewhere between 10 and 20 that 
will go to higher altitudes. 

Mr. Tuomas. There will be 90 this year, including purchase of the 
necessary rocket, preparation of the payload and development of the 
advanced instruments, in addition to continuing the low and medium 
altitude tests with about 70 rockets, the high altitude soundings will 
be stepped up and so forth and so on. 

That is a pretty good program, is it not ? 

Where will they be fired? Will they be fired from Wallops? 

Dr. Stiversrern. Some will be fired from Wallops and some from 
Fort Churchill. 

Mr. Tuomas. I have some language underlined. I have forgotten 
what it meant. 

The current NASA program is based on experience gained from 13 years of 
rocket sounding and is a program designed to extend and to fill in the gaps in 
the knowledge so far acquired on the earth’s upper atmosphere in rocket 
astronomy. 

How firm is this figure, Dr. Silverstein, of $8 million? 

Dr. Sttverstern. This is one area where we have a lot of experience 
and I think it is quite firm. 


ESTIMATED OBLIGATIONS, 1960 


Mr. Tuomas. How much will you obligate during fiscal 1960 of your 
$8.8 million in this program ¢ 

Dr. Suzversretrn. I think we will obligate almost all of 

Do you have the figures on the current obligations, Mr. Ulmer? 

Mr. THomas. After your 13 years’ experience, you ought to be get- 
ting that unit cost down considerably. 

Dr. Drypen. It isdown. That 13 years of experience includes the 
experienc e of the naval research people who are now a part of NASA, 

Mr. Tuomas. What about your proficiency showing? You only 
showed it to the tune of $811,000 this year. Could you not do better 
than that? 

Dr. Drypven. I think we have shown a savings. 

Mr. Untmer. Mr. Thomas, we have obligated and committed of the 
$8.8 million, all but $900,000. 

Mr. Tuomas. Well, we had better stop or you will have an overrun. 


SCIENTIFIC SATELLITES 


Let us take a look at “Scientific satellites.” We are getting into the 
money, $41.700.000 against $23,813,000 in 1960, and $21,305,114 for 
fiscal year 1959. . 

Dr. Drypven. This carries the cost of the vehicles as well as of the 
payloads. 

Mr. Tuomas. I have a little remark. This covers everything. 

To determine the nature, extent, and dynamical behavior of the earth’s outer 
atmosphere, and its relation to the medium of interplanetary space ; to determine 
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and understand the nature, extent, dynamical behavior, and causes of the 
earth’s ionosphere. 

How far up does the ionosphere go ? 

Dr. Strverstern. There are several layers in the ionosphere, start- 
ing at a hundred miles and going up to four to six hundred miles, 
depending on the layer. 

Mr. Tuomas. What does the word “ionosphere” mean ? 

Dr. SILVeRSTEIN. It is a charged layer of ions around the earth. 

Mr. Tiromas. That isthe earth’s atmosphere ? 

Dr. Sitverstern. The earth’s atmosphere normally would not be 
electrified. This layer is. 

Dr. Drrpen. It is just beyond the earth’s atmosphere. 

Mr. Tnomas. How high up does the earth’s atmosphere go, 75 or 
80 miles? 

Dr. Drypen. The earth’s atmosphere as it goes up more or less con- 
tinuously decreases in density all the time. You might say that by 
the time you reach a hundred miles there is very little atmosphere 
left. 

Mr. Tuomas. Not much to breathe up there. 

Dr. Stiverstern. No. 

Mr. Tuomas (reading) : 

The projects under this program support the above objectives by providing 
for the continuation of a series of exploratory measurements followed by more 
advanced experiments. 

I have the words “figure 8” here. 

In the fiscal year 1959 the analysis of results obtained from EXPLORER and 
VANGUARD satellites was continued. A VANGUARD satellite designed to 
furnish cloud cover information was placed in orbit. 


How many of these are you going to put up? Is this eight here? 


The development of advanced instrumentation for the measurement of cosmic 
rays, the application of accurate clocks to relativity experiments, radio beacons, 
electron density Langmuir probes, and for the measurement of solar ultraviolet 
radiation was initiated. Funding was initiated for the purchase of seven 
JUNO II vehicles and one THOR—ABLE to be used in the launching of satellites. 
The construction and testing of payloads for these vehicles was initiated. 


Dr. Strverstern. That is the history of 1959. 

Mr. Trromas. That was eight in 1959. I have 11 on the next page. 
Is this 11 for 1961 fiscal year? 

Fiscal vear 1961 funds will be used to initiate the funding and procurement 
of two ATLAS-AGENA B and two THOR-AGENA B vehicles and their pay- 
loads, and to procure seven SCOUT vehicles and four payloads. 

Dr. Stiversrern. That is right. 

Mr. Tromas. That makes 11? 


The SCOUT is a versatile, solid propellent rocket capable of placing 200 
pounds into a 300-mile orbit. The higher payload capacity of these vehicles 
makes it possible to install more scientific instrumentation in each payload for 


making more measurements simultaneously, thus increasing the value of each 
set of data. 


Your instrumentation is directly relative to the amount of thrust 
you have, is it not? 
Dr. Stiverstern. Yes, sir. 
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PROGRAM COSTS 
Mr. Tromas. Put the table on page 153 in the record, Mr. Re- 


porter. 
(The matter referred to follows:) 


Proara costs 
I I ! P 
wy i‘ 
Advanced technical development 
Scientific and technic tudies $1,155,114 $1, SM 7 $2. 000, 000 
Development of advanced instrumentatior 520), OOM 61, OOF fi, 000, 000 
Flight research program 
FUNO II vehicles S 540) (WM 
rHOR-ABLE Mm), OM iM 
ATLAS AGENA B vel , 000. 000 
THOR-AGENA B vel ‘ 5, O00, 000 
Scout vehiel §. 500. 000 
Satellite vehicles 170, OM i uM 4, 200, 000 
Total 21, 3 4 + 5 +1, 700, 000 


Be Tromas. This is a summary breakdown of your research pro- 

gram. Scientific studies, $2 million, development of advance instru 
ment: ition, $6 million, This is your technical development. Your 
flight research program includes the JUNO venicles. You do hot 
have any money allocated for m, nor do you for the THOR-ABLE. 
The ATL AS- AG E N A B vehicl es require $3 million. THOR AGENA 
B, $3 million: SCOUT, $3.5 million, and the satellite payloads, 
$924200.000. 


SATELLITE PAYLOADS 


Let us see your justification for the $24.2 million. 

Dr. Drypen. There is a breakdown of these figures in the su 
ceeding pages, starting on 153-18. 

Mr. Tuomas (reading) 

Funding for the payloads can be considered as being almost entirely directed 
to the support of the specific flights. 

Put page 153-15 and 153-16 in the record. IT don’t think 17 adds 
too much. Let us put the breakdown on 153-18 through 153-24 in 
the record. 

(The pages referred to follow :) 


SATELLITE PAYLOADS 


Funding for payloads can be considered as being almost entirely directed to 
the support of specific flights. However, in the fiscal year 1959, some funding 
was devoted to the provision of general payload instrumentation. With this 
funding, the procurement of instruments which could be made available on a 
relatively routine basis to the general run of satellite payloads was started 


It has already been found that if satellites intended for research in a specifi 
scientific discipline weight as much as 100 pounds or more, it is generally pos 
sible to introduce one or two additional lightweight instruments to supplement 


the original project objectives. In these cases, such supplementary instrumen 


tation is extremely valuable as it permits correlations in two or moré sociated 
research areas. This add-on process can appreciably increase the statistical 
value of the data being collected by putting similar detecting systems into 


sequence of satellites so as to verify the initial data and then obtain an indica- 
tion of the time and space variations which occur. Consequently, instrumenta- 
tion efforts on magnetometers, micrometeorite detectors, gamma ray detectors, 


in lita dia ae 
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radiation detectors, and the like is continuously being supported. In this way 
a number of payload instrument equipments for routine use are made available. 
Some of the general support is continued in fiscal years 1960 and 1961 pro- 
graming, while other areas have grown into major projects and are covered in 
specific payloads detailed in the tabulation. 

Funding of Explorer VI, the “Paddlewheel” satellite, and Explorer VII will 
be completed in the fiscal year 1960. Explorer VII shows no fiscal year 1959 
funding in the tabulation because the project was initially established by 
ARPA and was supported through the fiscal year 1959 by the original funding. 

Payload instrumentation to measure the penetration and damage hazards 
of micrometeorites is being prepared for the third developmental SCOUT vehicle 
as a part of the fiscal year 1960 program. 

Several satellite payloads were initiated in the fiscal year 1959. These were: 
The ionosphere beacon satellite; the ionosphere direct-measurements satellite: 
the radiation belt satellite; the atmospheric structure satellite; the advanced 
radiation belt satellite; and the solar observatory satellite. In each case, the 
funding programed in the tabulation reflects the leadtime required to design, 
fabricate, and launch a payload. 

Funding for data acquisition and processing is introduced for those projects 
which require special handling of a type which cannot be supplied by the estab- 
lished network. Special equipment needed for a single payload, is included 
in the payload funding where appropriate. 

Funding has been initiated in the fiscal year 1960 for the geodetic satellite, 
the topside sounder, the gamma ray astronomy satellite, the solar geophysical 
satellite, the orbiting geophysical observator, and the orbiting astronomical 
observatory. For all of these, program costs in the fiscal year 1961 are indi- 
eated and there will be additional charges in 1962 to complete the flight 


programs. 


Tt . } } ly r Fiseal vear 
1059 1960 1961 
| 
General | ] tru tatio | 
Cosrmie-1 det tors S wy) 
M t t rt T t le I { t | (Ht) 
Magnet ter tester (fixed 160, 00 
M tically shielded enclosur 100, 000 
\I umm ter 4 1) 
Optical design and ultraviolet detector 50, 000 
So) nointing control gO. 000 
Solar ultra t tector element 120, 000 
Tracking beaco OO. OM 
Sr ‘tronhotometer som hl OM 100. 000 
G r t \ 40. 000 $100, 000 
M at + t 160. 000 160, 000 160. 000 
\ , , ty 1 tru nf atior wu OO) 
Explor I 
P t f t i 1, 290, 000 
1) , OOO 
Seout t j 150. 000 
Exp I] 
} ] ff 2 O00, O00 é 
Dat ¢ n. Pacific io an OM c 
Dat ’ 300, O00 
Ton } 
( 10. O00 O70 ON 
lor 
I ( y AG. O01 
“if t * A 
D 50. O00 
Advar tion t 
Cc ‘ “ f 
3 ) wn 
M t Wi 
> 100 
. tr 10 
y uM) 
| 1 ‘ ) ) 
g 144 ¢ ) 
| } t) 
} 
D 
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Item Fiscal year | Fiscal year Fiscal vear 
1959 1960 1963 


Atmospheric structure satellite 











Mass spectrometers and pressure gages : $60, 000 $300, 000 $100, 000 
Sign il processing circuitry . 10, 000 40, O00 80. 000 
Telemetry calbvwtdtsdaiahen atta diennd 20, 000 380, O00 100, 000 
Power supplies ‘ 10, 000 40, 000 80, 000 
Structures, including antennas 2 45. 000 174, 000 295, 000 
resting services - : j ‘ s 50, 000 110, 000 
Radiation-belt satellite 
Design and construction at AOMC ca ‘ 150, 000 700, 000 
Analysis of orientation and temperature 75, 000 b ata 
Data processing 50, 000 100. 000 
Solar observatory satellite 
X-ray spectrographs _ 30, 000 250. 000 7 
Photomultiplier detectors 0), 000 2 ¥ 
Gamma-ray detectors ‘ 40, 000 
Signal processing circuitry . %). 000 ae 
Telemetry _- ‘ 10, 000 80, 000 
Power supplies 70, 000 . 
Structures, including antennas and pointing controls 90, 000 679. 000 
Testing services 4 10, 000 100. 000 
Pointing controls for rocket test __. 20. 000 gO. 000 ss 
Spectrogranhs for rocket test 30, 000 100, 000 "2 
Payload fabrication for rocket test 60. 000 10. 000 
Data acquisition equipment 200. 000 
Data processing 200. 000 
Data analysis 150. 000 
Geodetic satellite 
Flashing light system 250. 000 100. 000 
Timing units : . 410, 000 40. 000 
Earth sensors 30, OOK 20), 000 
Tracking beacons ‘ 25, 000 50, 000 
Ranging transponder $5, 000 100. 000 
Telemetry 25 000 a OM) 
Power supplies 40, OOM 80. 000 
Antenna systems development 10, 000 20 000 
Prototype structures wn 200, 000 150 000 
resting services s 0. OO 100.000 
Data acquisition equipment 0. OOM 350 000 
Data processing equipment 150, 000 
Topside sounder 
Project coordination . . 34. 000 87.000 
Payload design and fabrication ‘ 270, 000 725, 000 
Testing services 100, 000 
Gamma-ray astronomy Satellite 
Design, fabrication, and test at AOMC__. 690. 000 470. 000 
Gamma-ray instrumentation 225 000 
Tape recorder for data storage 22 000 : 
Data processing . ea 50. 000 
Polar geophysical satellite 
Scientific instrument . : 0. OO 350. OK 
Payload structural prototype 60. 000 250. 000 
Prototype dynamic tests 49. 000 160, 000 
Signal processing circuitry 2. 000 80, 000 
Telemetry ‘ ") OOO 200, OOK 
Antenna systems design 20). 000 80, 000 
Power supplies . 10. 000 70, 000 
Flight structures ‘ RO. OOO 400, 000 
resting services . 10, 000 100, 000 
Orbiting geophysical observatory 
Scientific instrument 10, 000 350, (0 
Payload structural prototype «M) O50), (WN 
Signal processing circuitry ”). 000 80. OK 
Telemetry 20), OOK 2000), OM 
Antenna systems design 9 uM 80, OOK 
Power supplic 10, OO 70, 000 
Flight structures 80. 000 400. 000 
Testing services 10. 000 150, 000 
Solar geophysical satellite 
Geophysical sensor 150, 000 200, 000 
Solar radiation detectors 100. 000 150. 00K 
X-ray spectrograp! gO. O00 100, 000 
Signal processing reultry 20, 000 an. 000 
Telemetry 20. 000 201), 000 
Antenna systems design Oo). OOO 60. 000 
Power supplies 10, 000 100, 000 
Flight and prototype structures 80, 000 650, 000 
Testing services P 10. 000 20), 000 
Pointing controls for rocket test 40, 000 60, 000 
Spectrograph for rocket test 0). 000 80, 00 


Payload fabrication for rocket test 20), 000 50, 000 





Item Fiscal year Fiscal year | Fiscal year 
1959 1960 | 1961 


Orbiting astronomical observatory: Instrumentation: 


Techeemnlenive detect rs _ . $125, 000 | $200, 000 
Photomultiplier detectors 60,000 | 120, 000 
Filters ‘ 60, 000 | 80, 000 
Crystalline optical components 40, 000 | 80, 000 
Image intensifiers 80, 000 175, 000 
Optical system design 75, 000 250, 000 
lon chambers 75, 000 
Solid-state detectors 45, 000 
Spectroscopic gratings 30, 000 
Construction of optics } 200, 000 
Optical test equipment 190, 000 
Stabilization, structure, and control 
Basic structure 150, 000 
Attitude sensors 350, 000 
servostabilizers 500. 000 
Coarse pointing unit 250, 000 
Fine pointing unit 400, OOO 
Command system 200, 000 
Electronic processing circuitry 180, 000 
Telemetry 200. 000 
Power supplies 200, 000 
Antenna systems desig 100, 000 
Testing services 200, 000 
Ground control equipment 250, 000 
( kout and test sets 200, 000 
Four Seout pay oads 
Scientific instruments 1, 300, 000 
Signal processing circuitry 400, 000 
Telemetry 600, 000 
Power supplic 600, 000 
Antenna design 320, 090 
Structural design and fabrication 1, 400, 090 
Testing services 800, 000 
Three Scout payloads—International program 
Signal pro : circuitry 300, 000 
relemetry 450, 000 
Power supplies 450, 000 
Antenna desig 290, 000 
Structural design and fabrication 1, 000, 000 
Testing services | 600, 000 
| 
Total $7, 970, 000 13, 425, 000 24, 200, 000 


Mr. Tuomas. Where are these deve lope <1? The doctor was telling 
us at Goddard a good part of it is developed in the laboratory. 

Dr. Drypen. Some in Goddard Laboratory, much of it by contract. 

Mr. Tuomas. From industry ? 

Dr. Drypen. Yes. 

Mr. THomas. How does he arrive at this tremendous figure of 
$24,200,000 out of 50, 75, or 100 items ranging up to $1.4 million? 
Here is one for $300,000. 

Dr. Sttverstern. Many of these items are continuations of work 
underway. Others are based on our past history in the development of 
objects. 

Mr. THomas. How much money did you have for this same purpose 
last year? 

Dr. Drypen. $13,425,000 for 1960. 

Mr. THomas. Where is that table? 

Mr. Horner. 153-24. 

Mr. THomas. How much of this has been obligated ? 

Mr. Umer. I have the sum of all 1960 obligations against the total 
1960 scientific satellite program, Mr. Thomas. It is $14.8 million. 

Mr. Tuomas. You had $21 million for payloads for the 2 years. 
Can you break it down? If you are going to use an accumulative 
figure, what was it for the first of January or some recent period ? 
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Dr. Drypen. Mr. Ulmer’s figure is the sum of the several items 
that make up the scientific satellites program, not just the payloads, 

Mr. Tuomas. Are you using a cumulative figure for 1959 and 
1960 ? 

Mr. Utmer. I gave you the 1960 figure, Mr. Chairman, The 1959 
allotment was $21.3 million and is entirely obligated. 

Mr. Tuomas. You did not have that much in 1959. 

Mr. Uxumer. I am talking about the cumulative figure for the entire 
scientific satellites program. 

Mr. Tuomas. What about your 1960 figure ? 

Mr. Ucmer. Of the 1960 figure of $23.8 million we have obligated 
$14.8 million, and we have committed an additional $2 million. 

Mr. THomas. What will be your carryover into 1961 ¢ 

These « are no year funds, ] realize th: it. 

Mr. Utmer. They are. This would be a pure guess, Mr, Thomas, 
T do not know how much we would carry over. 

Dr. Strversrern. Let me guess at that. because I watch this pro- 
gram closely. I do not think there will be any carryover in this 
program. We will be very close on it. 

Mr. Tuomas. I thought you would say that, Doctor. 

Dr. Suiverstern. I am quite up to date on this one, and T knov 
some of the problems we have right now in trying to get through 
the vear. 

Mr. Tuomas. I should not have let you say anything because I] 
knew what that answer was going to be. 

Mr. Umer. I think our 1959 experience bears that out. This 
one that has been very close. 


1s 


LUNAR AND PLANETARY EXPLORATION 


Mr. Tuomas. Let us turn to your request with reference to luna 
and planetary exploration wherein you are requesting $45 million for 
fiscal year 1961, as against $49 million in 1960 and $31,882,607 in 1959. 
Your justifications state that your objectives are as follows: 


To acquire fundamental physical and chemical information on the Moon 
and planets; to investigate space phenomena and their variations over the 
range of lunar and interplanetary distances; to explore the surface and nearby 
environment of the Moon and to measure and describe in detail its characteris- 
tics, for example, the surface composition, radioactivity, and _ structural 
features 





As the nearest major body in the solar system, how far 
Mr. Horner. 240,000 miles. 
Mr. Tuomas. Your justifications continue: 


is it away! 


As our nearest major body in the solar system, basically unchanged for bil- 
lions of years, the Moon itself offers unique potentialities for better unde me 
ing of historic and contemporary phenomena of the solar system 


_ know all about that. If it has not heen changed for bil] Ons ot 

‘ars, wh 1V not leave it alone ? 

he SILversT! IN. The fact that it has not been ch need can Give us 
some understanding, perhaps, of what our Earth was that many vears 
ago and, mavbe, we will vet at some of these origins. 

Mr. THom is. Are we voing to change it much now 

Dr. Stiverstern. I hope we will not change it too much, but we 
might learn something from it. 
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Mr. Tuomas. Your justifications further state : 

Until now, progress along these lines has been subject to the limitations im- 
posed by remote observations and indirect measurements. 

Do you think we will be able to do away with that big dish over in 
West Virginia now / 

Dr. Sttverste1n. I think we are going to be able to use it quite well 
in some of our programs. 


JUSTIFICATION OF THE ESTIMATES 


Mr. Tuomas. We shall insert at this point in the record pages 154, 
155 and 156, as well as the table which appears on page 157 of the 
justifications. 

(The pages referred to follow :) 


LUNAR AND PLANETARY EXPLORATION 


NR I FOI as ceeeich csi mhesiegoeesal a ka $31, 882, 607 
Fiscal year 1960___-_- iacacaedgnerilasadiaiiiaimacass ity saa draae emia taaliin es te aiamenaa decs ale 49, OOO, OOO 
EE ae =) Oe 


1. Objectives 


To acquire fundamental physical and chemical information on the Moon and 
planets; to investigate space phenomena and their variations over the range of 
lunar and interplanetary distances; to explore the surface and nearby environ- 
ment of the Moon and to measure and describe in detail its characteristics, for 
example, the surface composition, radioactivity and structural features, and the 
magnetic and gravitational fields; to investigate the constituents, processes, 
and characteristics of the interplanetary regions so as to understand how and 
why they vary with time and location within the solar system; to extend these 
investigations to the detailed study and exploration of the planets; to develop 
improved means and techniques for the coduct of lunar, interplanetary and 
planetary investigations and explorations. 

2, Justification 


As our nearest major body in the solar system, basically unchanged for bil- 
lions of years, the Moon itself offers unique potentialities for better under- 
standing of historic and contemporary phenomena of the solar system and for 
clarification of basic physical, chemical, and biological concepts that are funda- 
mental to modern science. It can be hoped that the Moon will provide the first 
answers that will unlock the secrets of the origin and evolution of the solar sys- 
tem. Until now, progress along these lines has been subject to the limitations 
imposed by remote observations and indirect measureménts. The understand- 
ing which can be gained from direct measurements and observations will be far 
greater. Space flight vehicles now offer research capabilities for overcoming 
many of these limitations. 

in particular, it will be possible to utilize appropriate instrumentation to 
determine, by direct measurement, lunar, planetary, and interplanetary char- 
acteristics, and thus provide a wealth of fundamental information on the nature, 
magnitude, distribution, and variations of the electromagnetic radiations, ener- 
getic particles, electric and magnetic fields, cosmic dust particles, lunar, plan- 
etary, and solar atmospheres which are continuously interacting within the solar 
system. These interactions are already known to markedly influence the earth’s 
atmosphere and fields, and a knowledge of their mechanisms will clarify our 
understanding of terrestrial phenomena. 

The advancement of scientific knowledge obtained from early lunar explora- 
tions and space probes and the experience that will be gained from the operation 
of space flight systems hundreds of thousands of miles from earth, will provide 
the basis for the appropriate design of instrumented spacecraft which will 
eventually explore the planets and deep space. 

Program phasing 

During the fiscal year 1959, lunar and cislunar space probes permitted evalu- 
ation of initial problems associated with the placing of vehicles into lunar tra- 
jectories and provided preliminary information on environmental characteristics 








of cislunar space. Work was initiated on advanced instrumentation and meas. 
urement techniques, including, for exam,le, a lunar seismograph system, g 
plasma probe, a magnetometer to be used in lunar probe flights, and instry. 
ments for measuring lunar radioactivity. PIONEER IV, which was initiated 
by ARPA and transferred to NASA, was placed in permanent orbit around tie 
sun. The instrumentation in PIONEER IV furnished valuable new data on 
the radiation belt and its extent into space, showing for one thing that the 
outermost portions of the radiation bet vary quite markedly with activity jn 
the sun. Funding was initiated for an ATLAS-ABLE vehicle to be used jp 
placing a scientific payload in orbit about the moon, and a THOR-ABLBE vehicle 
to launch a deep space probe. Development, construction, and testing of pay- 
loads for both lunar and deep space probe missions were initiated 

Work is being started during the fiscal year 1960 on the development of 
instrumentation and vehicle systems with improved capabilities for investi. 
gating cislunar space and beyond. The development of advanced instrumenta- 
tion started in the fiscal 1959 is continuing. A lunar orbiter payload was 
designed and constructed for the ATLAS-ABLE vehicle for which funding was 
started in the fiscal year 1959. <A preflight failure of the vehicle made it neces 
sary to provide a second booster system. This launch attempt was unsuccessful, 
Additional lunar orbiters and probes are planned for launching in the fiseal 
year 1960 and in the fiscal year 1961. Work will also be started on planetary 
probe payloads. The THOR-ABLE vehicle funded in the fiscal year 1959 will 
be used to launch a deep space probe; its payload is being completed during 
the fiscal year 1960. 

The funds requested under this program for the fiscal year 1961 will previde 
for the design and development of measurement techniques, scientific instru- 
ments, and spacecraft for use in lunar and planetary investigations. Work 
will continue on the construction and testing of advanced systems to observe, 
study, explore, and investigate the lunar environment, surface, and interior, 
Studies and preliminary research and development projects will be extended in 
the fiscal year 1961 to acquire needed technology for spacecraft with a capa- 
bility for precise circumlunar orbits and instrumented soft landings. 
orientation devices and landing controls and propulsion units for spacecraft 
will be inevstigated. Design and construction of prototype instrumentation 
will be initiated for a lunar seismograph and gravimeter system, advanced 
penetrometers, thermistor probes, and fluorescence spectroscopes. 

Beginning in the fiscal year 1961 the ATLAS-AGENA will be utilized for 
launching of lunar probe spacecraft. Construction and environmental testing 
will start on payloads for lunar impact missions with the objective of pro 
viding knowledge necessary for the proper design of soft lunar landing vehicles, 
These payloads will be instrumented to transmit data on the surface charac- 
teristics of the moon. 

Typical projects included in the advanced development program for lunar, 
planetary, and interplanetary instrumentation will be studies of infrared sensors 
and penetrometers for the investigation of lunar and planetary surface strue 
tures: improvement of plasma probes, geiger and scintillation 
measurements of the interplanetary medium; improvement of magnetometers 
to be used in particle flux-magnetic field correlations: beta and gamma ray de- 
tectors and spectral analyzers for studies of lunar surface radioactivty; and 
improvements of television-type image transmission equipment for lunar studies. 

An interplanetary space probe will be launched during the fiscal year 1961 
by means of a DELTA vehicle funded under the DELTA development program. 
Design and development effort on the payloads for use in an initial pair of 
planetary probes "will be carried forward with the expectation that ATLAS- 
AGENAS will be used as booster vehicles. 
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4. Program costs 





—EeEeEee - 
Fiscal year Fiscal year Fiscal year 
1959 1960 1961 
<< re ee 7 ree ee a a Sea 
Advanced technical development. es : $8, 102, 607 $5, 223, 000 $9, 000, 000 
Flight research program | 
Completion of PLONEER IV vehicle system operations 2, 140, 000 
THOR-ABLE vehicle ewe ao = 2, 843, 000 | _. 
ATLAS-ABLE vehicles_ --- pas beeaa Phin ood wana il 4, 097, 000 3, 446, 000 
ATLAS-AGENA vehicles_. | 3, 500, 000 7, 360, 000 9, 500, 000 
Design, development: fabrication, and launch of space- 
craft and payloads- - pane ; . patito 11, 200, 000 32, 971, 000 26, 500, 000 
Total. dane . Ls eae. cn cehebbaa whoa 31, 882, 607 49, 000, 000 45, 000, 000 


ADVANCED TECHNICAL DEVELOPMENT 


Mr. Tuomas. You have an item under “Program costs” entitled 
“Advanced Technical Development.” How do you arrive at a figure 
of $9 million for that item? For “Design, development, fabrication, 
and launch of spacecraft and payloads” you have the sum of $26.5 
million. 

How do you arrive at these tremendous figures ¢ 

Mr. Utmer. They are made up, Mr. Chairman, of dozens of indi- 
vidual items, and the listing starts on page 157-7. This is a listing of 
the individual deve lopments which go to make up the $9 million item. 

Mr. Tromas. How do you spend this money? Where is this money 
spent ‘ 

Dr. Sitverstern. A large part of the $26 million will be spent wider 
contract. 

Mr. Tromas. What is the nature of your expenditures ¢ 

In your “Design, development, fabrication, and launch of space- 
eraft and payloads,” this goes into your engine development, your 
power development, your payloads, and everything else? 

Dr. Strverstern. Yes,sir. The breakdown of that into the advanced 
technical development for vehicles and the payloads are shown on page 
157, and then the more detailed breakdown of the items included 
within the spacecraft are shown starting on page 157-6. 

Mr. Tuomas. We shall insert into the rec — at this point the tables 
which appear on pages 157-6, 157-7, and 157-8, as well as the top part 
of 157-9. 

(The pages referred to follow :) 


Item Fiscal year Fiseal year Fiscal year 
1959 1960 1961 

Cosmic ray instrumentation, development ‘ $74, 951 - 
Lunar data-recording system, development ‘ 75, 000 

Study of lunar soft-landing systems : 150, 000 

Lunar radioactivity instrument development. -- ie 150, 000 

Coherent radar explorations 126, 000 

Radiation instruments, development ; 150, 000 

Studies of radiation belt properties : . 311, 420 

Studies of primary cosmic radiation... 300, 280 

Maenetic calibrations — 27, 000 | 

Coincidence telescope, deve lopme nt : ; 63, 140 

Special computations at NBS irene Seelatadsiate! 58, 000 

Television for space vehicles, development. _..----- scala 300, 000 

Study of deep space system requirements 4 neue 50, 000 

Supporting research on lunar mission problems. -. | 90, 000 

Lunar and planetary exploration studies. - 1, 300, 000 


Development and construction of lunar orbiter and space probe 
Rll a ase lap aie ip | 4,522,616 | 
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Item Fiscal year Fi vear Fiseal ve 
1959 1960 : 1961 = 
*jasm I ve pment $ 200 . (i 
Lunar seis tem, development, CI’ 125, 000 150, OE $00), On 
Advanced lunar seismograph system, developme Columt 
University 25, 000 l On 250, 000 
Lunar photogrammetry, development 5, OO 2, 370 oO. 0) 
Spectral lamps, de ypment 50), OOK 
Lunar map studi¢ 630 
Instruments to measur tmospheric pressure betwee 
varth and Moon, development 10, 000 
Study of lunar ce ch ristics ) 
Electromagnetic ¥ f luna rf pro] 00 
Space rad velopment 1, OO) 
Micrometeorit tudi ( 
Ionosphere of tudis 
Detection of pla roorgan tud ; 
Ultraviolet sensors, development 
I ti planetary rface light, develop t sO 
La grap system, developm ' 
Cosmic ray and magnetometer, devel j My 
Development of impact-proof paylo t ! (MM 
opacecralt seque ; y 
Development of lu Ww), 
Sterilization of sp 80, 000 
Lunar penet Paul ter, ‘ ¥ oy 
Mass spectre r 1M) 
Lunar surface grav ent l My 
X-1 fluorescent ‘ 195, OM 
suriace § I { in uy 
Heavy cosmic r LL Tl (wy 
Interplanetary gas and dust, studies_ - . 0, 000 75, OO 
Gamma ray spectrometer, development o Mi Lou, OO 
Infrared photography of moon. l My 125, OM 
Photogrammetric interpretation of lunar composition, study 110, OOf 
Instruments for measuring lunar atmospheric chara t 
development 1), OO 
Solar corpuscul i 0), 000 
Photoconductive | pment 100. 000 
Rubidium vapor 1 ent (v 
Coincidence dete $ Mx 
Ion cl r, deve 1), 000 
Lyman 4 sca 200), 
Micrometeorite d LOO. OK 
Vehicle electr é.. 275, 
Environment ‘ n ‘ iT 
Advanced vidicon, doe 
Skin temperature sens development | Wy 
Ion trap, ent SU, OOF 
Procure t of 2 service-test instrument 
Vidicor TRO. OOM 
Gamma ray spectrometers 1), OOF 
S¢ mogr On 
Penetrometer 7" 
i] s AK 
nd ct f nstruments, VENT 
4 
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Mr. Tuomas. These are all round figures, and figures are just fig- 
ures. There is no explanation. I am wondering where you vel these 
heures. 

Dr. Surverstern. For example, Dr. Pickering’s group at the Jet 


Propulsion Laboratory has been looki F atl these fioures. These estl- 
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mates have been made by them and it is a breakdown of the job that 
they have as an assignment ; that is, the lunar and interplanetary 
sp acecraft, and they are experienced in the cost of some of these types 
of developments, based on the work they have done in the past. 

Mr. Tuomas. Of course, these are brandnew operations and there 
is no prototype development on it. It is bound to be a “guess” figure. 
Your guess may be high and it could be low. 

Dr. Sttverstern. Our experience thus far has been that we have 
been guessing low where we have had to guess. 

Mr. Tuomas. Of course, when you go to changing your program 
around—and you are bound to change your program quite often— 
if there is any miscalculation, it will come w oe that field. 

Dr. SILVERSTEIN. It will come generally there but generally it comes 
about because we are in a field of future deve ‘lopment and we do not 
quite know the problems that we are going to run into. This is 
generally more costly than we anticipate, because even in cases where 
you have a fairly good idea of what you are going to do, you quite 
often run into a snag which makes it more costly. 


USE OF THE TITAN 


Mr. Bonanp. I notice in looking at the launching vehicles, Dr. Sil- 
verstein, that you are using the ATLAS-ABLE-AGENA. 

Isthere any use at all for the TITAN ? 

Have you considered using it at all? 

Dr. Sttverstern. We have no spacecraft that are currently based 
on the TITAN as a first-stage booster. We have used the ATLAS 
because it. came into use in the military service area and it has acquired 
a long history of testing and development. Our seer, = suc- 
cessful flight, using a vehicle such as the ATLAS which had had wy 
to that. time 22 suecessful flights in a row, makes it possible for us na 
add one element of reliability into our system that we were very 
anxious to have. 

The TITAN has not had this background of flights to establish its 
reliability. 

Mr. Horner. I do not know if I can add very much, but I think there 
Is a possibility at sometime in the future that we might fire a TITAN 
first stage, tailored to our requirements, but at the present time all 
of the effort in the TITAN program is to make a reliable weapons 
system. This is very important to the Department of Defense and 
they would not want us to interpose at this time a requirement for a 
space vehicle nor would we want to because of the reliability consid- 
erations which Dr. Silverstein mentioned. 

Mr. Boranp. Thank you. 


METEOROLOGY 


Mr. Tuomas. Gentlemen, let us take a look at your weather activities 
mn meteorology. 

Your justifications state as follows: 

To establish a meteorological satellite capability for worldwide coverage and 
for providing observations of atmospheric elements required by the meteorologist 
in order to understand atmospheric processes and predict the weather. These 
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elements include cloud cover, storm location, precipitation, temperature 


, Wind 
direction, heat balance, water vapor, and other constituents. 


Our friend, Dr. Revelle, thinks you are going to have to go to the 
bottom of the ocean before you get the complete answer and that 
vou are not going to get it all in the higher altitudes. 

Your justifications ‘further state as follows: 

The benefits to be derived from these improved capabilities in meteorology 
include convenience in planning personal activities, protection of life and 
property from weather disasters; safeguarding transportation; crop planning, 
control, and protection, industrial pianning of weather-dependent products, 
outdoor enterprises, and heating and cooling loads 
and so forth. 

You are a little bit ambitious here, are you not? 

How will you spend this $20.7 million? 


PROGRAM COSTS 


Insert at this point in the record page 160 of the justifications. 
(The page referred to follows:) 


Fiscal year Fiscal year Fiscal year 
1959 1960 1961 
wed technical development 
(tmosphere, radiation, and data systems research $158, 550 | $1, 250, 000 $1, 400, 000 
Development of advanced instrumentation 11, 000 3, 099, OOO 4, 400, 000 
Flight research program 

Pavioads R18, 006 3. 581, 000 9, 200, 000 
Booste ehic 700, 000 
tal ee 987, 550 7, 930, 000 20, 700, 000 


Mr. Tuomas. For atmosphere, radiation, and data systems research 
vou are requesting the sum of $1.4 million and for the development 
of advanced instrumentation you are requesting the sum of $44 
nillion. 

In your flight research program for payloads you are requesting 
the sum of $9.2 million and for booster vehicles you are requesting 
the sum of $5.7 million. 

Do you buy your boosters from the Air Force ? 

Dr. Drypen. Yes. 

Dr. Strverstern. This will be a THOR-AGENA vehicle. 

Mr. THomas. What is the altitude? I believe you say you are go- 
ig up toan altitude of about 320 miles. 

Dr. Strverstern. About 600 miles for the NIMBUS and 380 miles 
for the TIROS. 

Mr. THomas. What are your payloads which come to $4.4 million? 

Dr. Strverstern. That. breakdown is shown on pages 160-7 and 


160—8 


I 


Mr. Trromas. Do you break down your figure of $4.4 million? 
These figures do not mean anything the way you set them out. It 
looks as if you just pulled them out of the atmosphere. 
We shall insert in the record pages 160-5 through 160-8. 
The pages referred to follow :) 


Item Fiscal year Fiscal year Fiscal year 
1959 1960 1961 


Studies of advanced radiation methods_. eh ; $11, 000 $100, 000 $100, 000 
Tape recorder for TIR¢ )S radiation experiments z z 154, 000 | 7 
Electrostatic tape recording camera sasues 350, 000 aah 
advanced vidicon camera systems : 500, 000 | 
Radiation scanning heads and detectors: | 

Scanning systems studies a enn ee . 100, 000 | 100, 000 

Uncooled detectors for region beyond 6.3m____ 80, 000 150, 000 

Dielectric and related bolometer studies pies 100, 000 100, 000 

Detector cooling techniques. 4 : 50, 000 50, 000 
Flectronic and mechanical instrumentation 

2-watt, 240-megacycle wide-band transmitter : 0), 000 

Special 5-channel telemetry - a 30, 000 

Control electronics for special tape recorder 4 - i, ara . 

Clocks, programer, controls and switching system 120, 000 . 

Tape recorders aha Z e 25, 000 100, 000 

Secure digital command system 100, 000 100, 000 

5-watt, 1700-megacycle, wide-band transmitter 50, 000 100, 000 

Special telemetry beacon and switch W/O, 000 50, 000 

VHF, UHF, and microwave antenna systems 50, 000 50, 000 
Infrared radiation satellite systems: 

Special supplies and materials 560, 000 410, 000 

Support services 125, 000 340, 000 
Attitude control components and system 380, 000 1, 500, 000 
Satellite-borne radar 100, 000 400, 000 
Electronic components 

Constant beta, low-noise transistor 70, 000 

1000-megacycle, 1-watt transistor 100, 000 

High-resolution electron gun | 80, 000 

Far infrared imaging device 100, 000 
Image orthicon system 300, 000 
Advanced data transmission study 100, 000 


Spectrometer 100, 000 


Total . 11,000 3, 099, 000 4, 400, 000 


PAYLOADS 


When the meteorological satellite program, TUROS, was transrerred to NASA 
from the Department of Defense in April 1959, some $7,977,000 had been provided 
by ARPA for payload development either directly to the contractor or through 
NASA. The funding by NASA since the transfer has been f° completing the 
development and production of five basic payloads in the TIROS series, the 
modification of equipment at read-out stations, special support operations in- 
volved at these stations and the analysis of the data acquired by the satellite. 

With the availability of data from TIROS I and TIROS ITI, the major effort of 
the Meteorological Satellite Section of the U.S. Weather Bureau will turn to 
the problem of satellite data analysis and interpretation. The scanning radia- 
tion data acquired by TIROS IT will be converted from analog to digital informa- 
tion and processed for Weather Bureau use. The data will also be analyzed for 
application to future satellite-borne radiation measurements. 

The follow-on satellite to the TIROS series will be the NIMBUS satellite. 
One of the basic problems in NIMBUS is the development of a suitable spaceframe 
whose structure and components are compatible with the structure and com- 
ponents of the terminal stage of the launch vehicle. In the fiscal year 1960, the 
basic hardware and test equipment will be acquired for the spaceframe develop- 
ment. NIMBUS is a large and complex satellite with a number of meteorological 
sensory systems, a stabilization system, and a power supply system. The selected 
contractor for the NIMBUS satellite payload development and integration will 
provide through approved and appropriate subcontractors the structures, tele- 
vision subsystem components, the electrostatic tape recorders, the radiation 
measurement equipment, the electronic controls (timers, transmitters, receivers, 
beacons, tape recorders) and other mechanical parts that will constitute the 
satellite. In addition, there will be a single contractual effort for the develop- 
ment and production of the solar cell power supply intended for the satellite. 

The proof of the reliability of a finished satellite is the most difficult and most 
critical phase of the satellite development effort. The testing program will 
include vibration, acceleration, vacuum-thermal and life testing of each of the 
seven basic NIMBUSES developed. A 3-month life test program will be carried 
out for each of the five flight models. 
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Item Fiscal veat b isc eal Fiseal vear 
1959 LY60 196] 
TIROS I 
Completion of payload development and construction $278, 000 $1, 555, 000 
Modification of equipment and station operation for data 
acquisition 
Deal, N.J ae 2A0, OOK 
Kaena Point, Hawaii PRO. OOO 155, 000 
Atlantic Missile Range : 30, 000 
Quick demodulation equipment 28, 000 
Data analysis_......-- rae . 7 300, 000 
TIROS I 
Payload modification 5 400, 000 
Station operation for data acquisition 113, 000 
Prelaunch payload oper itions - ; S500. On 
Data analysis R00 O00 
Special radiation analyses 100, 0 
Analog to digital data conversion Ss 200. 00% 
NIMBUS: 
Terminal stage structure and hardware 350), OO 
Stabilization components Fr 150, OOF 
Stabilizatior ibsystem structure constructi a. o 
Special test equ nt for stabilization syste om 
Payload developr struction 5 (0. (un 
Environmental testing 2, 000. 000 
Payload power supply, development and constructi« 600. 000 


a kk eat S18, 000 s. 5SS1, 000 9, 20) 


BOOSTER VEHICLES 


The TEROS I vehicle (THOR-ABLE) was funded by the Department of De 
fense during the period of inception of the program in that agency. The TIROS 
II vehicle (THOR-DELTA) was funded under the DELTA vehicle development 
program. Consequently, no booster vehicle costs are indicated in the meteorologi 
eal satellite program in the fiscal years 1959 and 1960 

The funding during the fiscal year 1961 will partially cover the cost of tw 
THOR-AGENA B launch vehicles. 


Mr. ‘THOMAS. These houres do not mean anyvthu a, It is just 
strié ieht tabulation with no indication of how you arrive at them. 

Will this be done by contract # 

Dr. Stiversrern. Yes, sir. 

Mr. Tuomas. What part of this $20 million will be spent in the 
laboratory at Goddard ? 

Dr. Sriverstern. A large amount of this will be by contract. A 
very small amount will be spent at the laboratory. 


BOOSTERS IN PROGRAM 


Mr. THomas. Will yvoucontract with the Air Force to get vour boost 
ers? How many will you have / 

Dr. Strversrern. I think we are making partial payment on tw 
boosters in this program. There will be four boosters. 

Mr. Tuomas. What is the figure for your boosters / 

Dr. Drypen. $5.7 million. 

Mr. Toomas. What is the unit cost? Is it coming down any as you 
buy more? 


be 
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Dr. Strverstern. That is an error. On page 160-8 that 4 should 
be 2. At the bottom of the page, where reference is made to the 
procurement of 4 THOR-AGENA launch vehicles, that should be 2. 

Mr. Tuomas. Rather than four ? 

Dr. Sitverstern. At that point, yes. 

Mr. Tuomas. That is page 160- 82 

Dr. SILVERSTEIN. Yes, sir. 

Mr. ‘THomas. How much are you reducing it, or are you increas- 
ing it ¢ 

Dr. Sutverstein. We are not increasing the number. This was a 
typographical error. On the line above there it states the funding 
during fiseal 1961 will partially cover the cost of two THOR-AGENA 
launch © ‘hie ‘les, and when it was copied on the lines below,. it was 
typed * 

Mr. Ts HomMaAs. What does the unit cost ? 

Dr. Stiverstern. The unit cost of the THOR-AGENA-B is esti- 
mated currently at about $3.8 million. 

Mr. Tuomas. $3.8 million ? 

Dr. SILVERSTEIN. Yes, sir. 

Mr. Tuomas. Has the unit cost come down? You bought several 
of these from the Air Force, did you not ? 

Dr. SrLveRSTEIN. We have not bought these yet. 

Dr. Drypen. This isa new vehicle. 

Dr. Sttverstern. It is just coming into use in the Air Force now. 

Mr. Tuomas. What is the altitude of this one? 

Dr. Sutverstern. This vehicle will go to an altitude of about 660 
miles. 

Mr. Tuomas. How much payload will it carry? Is that figure 250 
pounds or 300 pounds’ d 

Dr. Srrverstern. This will have a payload of about 600 pounds. 

Mr. Tuomas. At that relatively low altitude? 

Dr. SILVERSTEIN. Yes, sir. 

Mr. Tromas. What will your instruments cost on one of these ? 

Dr. Sirversrern. The instrumentation breakdown that we have 
shown on these pages 

Mr. Tuomas. No: on one unit? 

Dr. SrnversTern. It is estimated, I think, for one of these units that 
the instrumentation will cost about $4.5 million. 

Mr. Tuomas. Well, you have about $8.2 million total cost for one 
pay load of 600 pounds up to 300 or 400 miles ? 

Dr. Stnverstern. That is about what they average. 


NIMBUS PROGRAM 


Mr. Tromas. What specific information do you hope to gain by 
that shot ? 

Dr. Stnverstern. This is the NIMBUS program which is the fol- 
low-on of the TIROS. We will have aboard this ere ular flight not 
only the TV cameras that we are trying in TIROS, but we will have 
in addition the radiation measuring equipment and infrared scanning 
equipment to get the heat balance between the sun and the earth and 
from the earth out into space. These satellites will be aimed at the 


earth directly because they are not spinning and they can take a picture 
of the whole surface. 
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Mr. Tomas. What diversity of payload do you use? Say, for in- 
stance, you have 10 different gadgets in your average payload. Are 
they repeaters or do you have different instrumentation and make dif- 
ferent tests; or do you try to get a different reading on the same instru. 
ment at a different altitude; o r just what do you gain by each test 
that you did not gain before / 

Dr. Surverstern. Our history here will be one in the next several] 
years of a continual improvement in the quality of the instrumenta- 
tion we carry. We have learned our business and gradually deyel- 
oped this type of satellite up to operational capability where it 
be used, say, in a routine operation to get weather information. 

This is a standard development procedure where you start with 
certain equipment and then gradually develop it by increasing its life 
and its reliability, its scanning ca ipability, and its ability to transmit 
information. All of these things will be improved progressively. 


Cah 


COMMUNICATIONS 


Mr. Tuomas. We shall insert at this point in the record pages 16] 
through 163 of the justifications. 
(The pages referred to follow :) 


COMMUNICATIONS 
Fiscal year 1959 
Fiscal year 1960 
Fiscal year 1961 
1. Objectives 
To develop communications satellites and operating techniques for use in a 
worldwide communications system using satellites as relay stations for ground- 
to-ground, ground-to-satellite, and satellite-to-ground transmission of messages, 
data, voice, and television; to develop communications systems for the trans- 
mission of scientific data from deep space probes to earth and of commands from 
earth to deep space probes; and to conduct studies of the application of active 
relay satellites to civilian and commercial communications. 


—_ rae aa i aie ; $3, 574, 806 
re Bap oe ; scart 3, 170, 000 
icc esis hiteiely aetna ce sea atie piace oe __.. 5, 600, 000 


2. Justification 


Long-range communications in the form of telephone, telegraph, and television 
networks are now accomplished by means of landlines, cables, long- and short- 
wave radio, and microwave relay stations. The total bandwidth of landlines, 
cables, and low-frequency radio is limited. Shortwave radio bands are crowded 
and are unreliable because of atmosphere interference and ionospheric irregu- 
larity. Ultra-short-wave or microwave radio is usually limited to line-of-sight 
range; long-distance communication at these frequencies is commonly achieved 
by means of repeater stations. 

Satellites offer the possibility of worldwide communications by ultra-short- 
wave or microwave radio because the line-of-sight range at satellite altitudes is 
very large. The bandwidth or channel capabilities at these wavelengths is suffi- 
cient for television and most other foreseeable communications needs, 

The scientific exploration of outer space is accomplished by tue use of deep 
space probes. The data these probes accumulate must be transmitted to earth, 
and the earth station must be able to send commands to the probes at various 
points along their paths. This requires a two-way communications link between 
the earth and the probe. 

8. Program phasing 

During the fiscal year 1959, work was initiated on Project ECHO—a project 
to place several 100-foot diameter inflatable spheres into circular orbits about 
the earth. These spheres will be used to reflect passively electromagnetic energy 
from one ground station to another. art of the project is the development of 


the sphere itself, its packaging into a payload, and methods of inflating and 
ejecting the sphere from the final booster stage. A 12-foot diameter version of 


it 


f 
d 
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this sphere, which was also to furnish data for air density studies, was launched 
in August 1959 but failed to achieve orbital velocity. The development of a 
peacon to aid in the tracking of the satellites was started in the fiscal year 1959. 
Improvements were also made to the JPL Goldstone transmitter and receiving 
sites at the Jet Propulsion Laboratory. 

In the fiscal year 1960, the large-sphere flight research program will be ini- 
tiated. Several 100-foot diameter inflatable sphere payloads will be ejected from 
poosters in vertical suborbital shots to test ejection and inflation techniques. 
Following this, a 100-foot sphere will be launched to orbit. Communication 
experiments will be conducted between east and west coast transmitting and re- 
ceiving stations, using the sphere as a passive relay. 

Research and development will be conducted in the fiscal year 1960 in several 
areas. In the area of inflatable structures for use as passive reflector satellites, 
work will be done on radio propagation characteristics, the feasibility and de- 
velopment of larger structures, and on rigidization techniques. Studies will be 
undertaken in the field of world communications needs, of communication satel- 
lite system requirements to fulfill these needs, and of the ground support systems 
required for their use. These studies will be directed toward providing recom- 
mendations for the optimum communications satellite system. 

The fiscal year 1961 program is a continuation and broadening of the 1960 
program. Additional 100-foot spheres will be launched for further communica- 
tions experiments. Since a worldwide passive satellite communications system 
will require several satellites simultaneously in orbit, the development of a mul- 
tisphere payload for launch by a single vehicle will be started. One of these will 
be launched in 1962. Data transmission requirements will be studied, with 
emphasis on a data relay for meteorological satellites. The advanced equipment 
development program will result in prototype models of a high-gain antenna and 
mount. Development of suitable modulation systems will be initiated. 

During the fiscal years 1960 and 1961, work on active relay satellites will be 
limited to studies on the civilian and commercial applications of these satellites, 
the requirements imposed by commercial needs on such satellites, and the appli- 
cation of pertinent developments resulting from the Department of Defense 
program. 

During the fiscal year 1959, work in the area of deep space communications 
was carried out by the Jet Propulsion Laboratory as part of its JUNO II pro- 
gram. Their work included the design of a space vehicle communications and 
tracking system for the PIONEER III and IV experiments and the evaluation 
and improvement of elements of existing systems. 

In the fiscal year 1960 studies will be made to determine the requirements for 
deep space communications, and the development of new components will be 
continued. Fiscal year 1961 will continue studies and component development, 
and will provide for communications equipment for use in planned deep space 
experiments. 


4. Program costs 


Fiscal year Fiscal year | Fiscal year 
1959 1960 1961 
Advaneed technical develonment 
Communications satellite studies and equipment develop 
ment $284, 806 $740, 000 $1, 100, 000 
Deep space communications studies and equipment de- | | 
velopment : ; es a 400, 000 | 350, 000 
Flight research program | 
Boosters 2, 150, 000 | 2 ate Sa 
Payload development, procurement, and operation : 1, 140, 000 | 2, 030, 000 | 4, 150, 000 
patina iene nel tinareatgiaaeiiiaaibia 
ARE fe ee ee | 3,574,806 | 3,170, 000 | 5, 600, 000 


Mr. Tuomas. For your communications you are requesting the sum 
of $5.6 million. 
MaAnnep Space Fuicut 


With reference to manned space flight we shall insert into the 
record at this point pages 164 through 167-1 and 167-2 of the 
justifications. 
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(The pages referred to follow :) 
MANNED SPACE FLIGHT 


ee IN I ics ccorincedas sec en snide Weleda elcba Nib ecita whined ____._. $46, 416, 333 

ene aoe lie edt * 87, 162, 000 

III II ake ed a 107, 750, 000 
Includes $12,200,000 requested in fiscal year 1960 supplemental estimates, 

1. Objectives 

To provide a capability for accomplishing advanced space flight missions with 
vehicles where onboard human intelligence and operations are required; to 
rationalize and refine the technology of manned space flight vehicles and asso. 
ciated systems ; to achieve successful orbital flight and the recovery of a manned 
satellite with an ICBM booster and drag-reentry system; to evaluate the physio- 
logical and psychological effects of a space environment on man; to establish his 
capabilities and limitations for performing useful missions in space; and to 
devise and develop improved manned vehicles with increased capabilities for 
performing important missions, 

2. Justification 

The ultimate benefits that might accrue from manned space flight are, in a 
large measure, unknown. It is clear, however, that instrumentation alone will 
not tell us as much about the moon, or the planets, as man himself will be able to 
report once he has visited those distant places. Man contributes observational, 
analytical, and decisionmaking ability concerning both expected and unantici- 
pated problems. He provides a vast flexibility of action for operation, correction, 
and maintenance of scientific and technological instrumentation and equipment 
that characterize his present usefulness in airplanes and in the scientific 
laboratory. 

In order to provide the capability for the manned exploration of space, a 
progressive program of research and development has been undertaken. A 
broad range of investigations, directed to the solution of basic technological 
problems concerning vehicular configurations and construction, human factors, 
life-support equipment and accommodations, launching systems, stabilization 
and control, reentry and recovery systems and techniques, operational and scien- 
tific instrumentation, and other vehicular subsystems, is underway. These in- 
vestigations are presently directed toward solution of the problems associated 
with the Nation’s first manned venture into orbit—Project MERCURY. On the 
basis of extensive studies, it was determined that Project MERCURY should be 
based on the use of an ICBM booster launching system and on a ballistic type 
of reentry into the atmosphere. The use of ballistic reentry offers the best 
potentiality for early success because of the relative simplicity and reliability 
of this approach. However, ballistic reentry pays for its simplicity with land- 
ing point dispersions that will be operationally and economically unacceptable 
for extended use. As Project MERCURY nears completion, extensive studies 
and configuration tests in wind tunnels and free flight will be undertaken as 
part of a program to develop the capability for landing point control. 

A crucial part of the system for attaining landing point control is the stabili- 
zation and control system. It is important that this system be capable of both 
manual and automatic operation, in order to enhance reliability through human 
backup and in order to allow for the use of onboard human judgment to vary 
the landing site choice. A comprehensive study, including flight simulators for 
pilot training, will be required to provide this capability. 

In order to meet the foremost objective of Project MERCURY—\the attainment 
of manned orbital flight at the earliest practicable date—additional funds in the 
amount of $12,200,000 have been requested as a fiscal year 1960 supplemental 
estimate. The additional $12,200,000 is required to pay for contractor overruns, 
changes in capsule design and construction, and for added capsule requirements. 
The design changes and added requirements have arisen as a result of develop- 
ment tests and a continuing analysis of safety requirements. The compressed 
time phasing of Project MERCURY between inception and scheduled flight has 
required that research, development, design, and fabrication be undertaken 
simultaneously. Under these conditions, experience has required that modifica- 
tions to design, arrangement, and structure be made during the conduct of the 
program. Efforts to make the Project MERCURY system as safe as humanly 
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ble have inevitably added to the cost, as detailed analyses have uncovered 
new schemes for enhancing the safety and reliability of the system. 


3. Program phasing 


During the fiscal year 1959, much of the preflight research and development 
effort for Project MERCURY was accomplished and contracts were let for major 
components of the system. Specifications for the worldwide radio-tracking net- 
work were prepared and sent out to prospective contractors. 

During the fiscal year 1960, the major part of the MERCURY preflight- and 
flight-development program will be completed, and component qualification and 
astronaut training flights will be initiated. The tracking network will near 
completion during this period. 

During the fiscal year 1961, it is anticipated that the MERCURY qualifica- 
tion programs will be essentially completed and that the tracking network will 
become operational. Large expenditures for the recovery operations and for the 
operation of the tracking network will be added to flight hardware purchases. 

Systems for achieving landing-point control will also be under study during 
the fiscal year 1961. In this connection, two major problem areas require im- 
mediate attention: The use of lift to reduce the landing area, and guidance and 
eontrol methods for piloted landings. Extensive analyses will be made, and 
scale models of controllable reentry vehicles will be evaluated in wind tunnels. 
Flight simulators will be used to evaluate the pilot’s capability to fly such 
vehicles. 

4. Program costs 











i 
| Fiscal year Fiscal year Fiscal year 
1959 1960 6 
Advanced technical development: 
Birlgical and human engineering studies..............- $170, 000 $2, 180, 000 $2, 090, 000 
MERCURY development program. __...........-..----. 3, 100, 000 | 5, 270, 000 4, 050, 000 
I OUI Dee nnmmpancodetniasmauns - 800, 000 
Manual and aut»matic guidance and control systems for 
advanced reentry configuration. _...................-.- 100, 000 200, 000 
Flight research prveram: 
ATLAS and REDSTONE boosters...._____- . caida 20, 840, 000 23, 460, 000 25, 650, 000 
MERCURY capsules, support equipment, and support | 
PRS £5 Sida Gc atbebotats 14 bb abeu ecokilidbncws tke c 22, 299,333 | 1! 47, 212,000 35, 290, 000 
Tracking network operations and equipment _---__.....-__-. 7,000 5, 410, 000 24, 670, 000 
I i ate. eerie «dian ndiiatpidhsige ce mine aiat 3, 530, 000 15, 000, 000 
Total... patdb hn anptindbetindd cnatneiedineaddeeats badldh naa 46, 416, 333 1 87, 162, 000 107, 750, 000 














1 Includes $12,200,000 requested in fiseal year 1960 supplemental estimates. 


OBJECTIVES 


Our long-range plans for the exploration of space are based on the premise 
that man will actively participate in many of our space missions. These plans, 
therefore, strongly depend on the assumption that manned space flight is feasible, 
and that man will indeed be able to perform useful functions in space. Much 
of our future effort depends on the validity of this assumption, and it is there- 
fore imperative that man’s capabilities in space be determined as soon as possible. 

Project MERCURY was conceived, and is being carried out, in a manner that 
will attempt to achieve manned orbital flight at the earliest practicable date. 
Its primary objective is to determine man’s capabilities in a space environment. 

In the MERCURY mission, a satellite capsule will be launched into a 120- 
mile orbit, using an ATLAS booster. The capsule will be fitted with an escape 
system, designed to separate it from the ATLAS in case of a booster malfunc- 
tion. In a normal mission, the satellite will circle the globe three times; at the 
end of three orbits, the capsule’s retrorockets will be fired to initiate its descent 
toward the atmosphere. During its flight within the atmosphere, it will be 
slowed down, by the drag of the air through which it flies, to a speed where the 
landing parachutes can safely be deployed. After a parachute landing in the 
Atlantic Ocean, the capsule will be picked up by recovery ships that are standing 


The accomplishment of Project MERCURY will mark a tremendous step for- 
ward; putting a man into space will immeasurably extend the frontiers of 
manned flight. The speed of flight will be increased by a factor of 8 over present 
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achievements, and the altitude by a factor of 5; the environment encountereg 
in space flight will be one that heretofore has not even been approached. 


RESEARCH AND DEVELOPMENT PROGRAM 


Because the ultimate achievement of manned orbital flight will constitute a 
stretching of the existing state of the art, its accomplishment requires a logica] 
and methodical buildup of capability. As a part of this buildup, broad scientific 
and engineering investigations have been undertaken, using a wide variety of 
technical equipment, to determine a suitable shape for the manned satellite 
capsule. 

Following these investigations, a flight program was initiated to develop and 
qualify the various components of the capsule. A MERCURY flight schedule 
is shown on a following page. The flight program includes airplane drop tests, 
in which full-scale capsule models were dropped from large cargo aircraft at high 
altitude. The tests were used to develop a highly reliable parachute system, 
and to determine procedures to be used in the recovery operations. In other 
tests, capsule models were released from fighter aircraft at supersonic speeds, to 
develop and qualify the capsule’s drogue parachute. The escape system was 
perfected by launching full-scale capsules with the escape rocket as the only 
means of propulsion. 

Rocket-boosted flight tests were required to check the capsule and its com- 
ponents over a range of speeds and altitudes. A solid-propellent rocket booster, 
nicknamed LITTLE JOE, was designed and fabricated especially for Project 
MERCURY. This booster, which develops 244 million pounds of thrust at takeoff, 
was used on a number of occasions to further aid in the qualification of the all- 
important emergency-escape system. 

The validity of the MERCURY design concept was demonstrated in the fall 
of 1959 during an ATLAS-boosted capsule test, called BIG JOE. In that test, a 
capsule was made to reenter the earth’s atmosphere, after being accelerated to 
nearly orbital speed. The BIG JOE capsule, which survived the scorching heat 
of reentry, was later recovered many hundreds of miles from Cape Canaveral. 

To date, more than 100 wind-tunnel tests of the MERCURY capsule have been 
performed; and 122 capsule models have been dropped from airplanes in the 
parachute development program. The escape system has been tested three times 
in simulated off-the-pad abort maneuvers, and four more escape-system tests were 
performed in connection with four successful LITTLE JOE flights. A small 
monkey was carried along on two of the LITTLE JOE flights, in an attempt to 
gain further physiological data on the effects of space flight. And, as mentioned 
earlier, a single ATLAS-launched capsule flight has been made. 


Mr. Tuomas. You are requesting in 1961 the sum of $107,750,000 
as against $87,162,000 in 1960, and $46,416,333 in fiscal year 1959. 

The sum of $87,162,000 for fiscal year 1960 includes your supple- 
mental of $12.2 million. 

These figures are broken down into your ATLAS and REDSTONE 
boosters in the amount of $25,650,000; your MERCURY capsules, 
support equipment, and support services in the amount of $35,290,000; 
your tracking network operations and equipment in the amount of 
$24,670,000, and your recovery operations in the amount of $15 
million. 

When do you think we will be able to make this? 
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Dr. Drypen. The REDSTONE flight later this year and the orbital 
flight during the next calendar year, are the best estimates at present. 

Mr. Tuomas. These are tremendous figures. The breakdown here 
involves so many figures they do not mean much to me. 

What part of them are guesswork and what part of them are esti- 
mates? What part of them are firm out of your whole figure of $107 
million? Itis virtually impossible to come up with a firm estimate on 
a proposition of this nature. 

How much of this $87,162,000 will you commit during fiscal year 
1960, or what will be your carryover ? 

Mr. Umer. In this program, most of the funds will be obligated 
by the end of the year. We have currently under obligation and 
committed about $60 million, Mr. Thomas. 

Mr. Tuomas. How many contracts are involved in this sum of 
money ¢ 

Mr. Utmer. Probably 40 or 50, and one of the major contracts is a 
contract with the capsule contractor, but there are dozens of small 
ones. 

Mr. THomas. That is the biggest item in it and that contract is with 
the McDonnell Co., is it not ? 

Mr. Umer. Yes, sir. 

Mr. Tuomas. What is that contract? That is for the capsule, is it 
not ? 

Mr. Horner. I think that is the biggest single item. 

Mr. Tuomas. What was that? Was it $24 million? 

Mr. Horner. It is $35 million this year. 

Mr. Umer. It is $35,290,000. 


EQUIPMENT AND Support FoR RESEARCH AND DEVELOPMENT PROGRAM 


Mr. Tuomas. On what page does that information appear? 

Mr. Utmer. Pages 167-20 and 167-21. 

Mr. Tuomas. We shall insert those pages into the record at this 
point. 

(The pages referred to follow:) 


Equipment and support for the research and development program.—This is 
McDonnell production-type equipment used in the research and development 
program, as opposed to the actual MERCURY missions. It includes, for example, 
the capsule-ATLAS adapter for the BIG JOE test, and the escape towers and 
rockets used in the LITTILE JOE tests. Other typical equipment in this cate- 
gory includes special capsule equipment for the animal program, and onboard 
communications equipment to be installed in airplanes that will be used to 
check out the worldwide tracking and communications network. 
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Item 


Basic e~ntract (12 identical capsules): 
Eng'neering 
DE or ct ct Sieh ie eineeeiaieetarcs 
Experimental construction_.-_................---..---.--- 

Capsule, system, and subsystem construction 

F 


cen eiclneeia 


Contractor additional costs: 
Engineering 
a mene 
Experiments al construction........-.--..------------- 
Capsule, system, and subsystem construction 
Capsule delivery change 
Inspection 


Total 


Anticipated additional costs for services within present scope of 


work: 
i inn huewe 
Experimental construction and preduction -_..........-- 
Capsule, system, and subsystem construction... 
Inspection _-- é 


Total__- 


Training simulators: 
I a eclunnil 
SIOtOR FONNTOING BYOUIIIB. 5s noon cc en occ cp cicnscosinasoca 
MAC personne! services and minor changes_.......- 


Fiscal year 
1959 


RA 
te 


2, 640, 000 
807, 000 


a— 


, 850, 000 
716, 000 


wen 000 


930, 000 
—18, 400 
— 204, 000 
3, 960, 000 
800, 000 
167, 601 


5, 635, 201 


i 





Air bearing trainer NORE 95 poe s ee Sa 


caw tileameaicnaee 


EEE STIS ORS Oa i AS PE 


itis chcksiomnrDiea seaman dia neaehaindeiiineasateniniie 


Additional capsules: 
EN ach ueesblacnenadabieid 
6 additional oe a a ne 


Ground support equipment 
Flight test support 
R. 


& D. support equipment and services...................-.- 


1 Includes $12 


Mr. Tuomas. This is the McDonnell cor 


| 3459. 39 
. 565, 21% 2 


1, 304, 641 | 


22, 209, 333 


,200,000 in pending fiscal year 1960 supplemental estimates. 


itract ? 


, 327,000 | 


1960 


429, 


6, 560, 


—16, 


2, 030, 





4, 720, 
230, 


| 147,212 


$1, 400, 


705, 
| 3, 640, 
386, 


801, 


620, 


} 7, 600, 


Fiscal year 


000 | 
000 | 


000 
000 
000 


000 


794 
007 


. 363 
7, 357 
, 000 
7, 151 


265, 932 


000 


000 | 
000 


000 


000 


9, 903 
5. 000 


000 


000 | 


, 903 
, 701 


000 


eS 


Fiscal year 
1961 


| 


$113 
36, 
53 
0, 


2. 
23883 


| 2, 170,000 








35, 290, 000 


Mr. Utmer. That whole table relates to the McDonnell contract. 
Mr. Tuomas. It includes, for example, the capsule—ATLAS adapt- 


or for the BIG JOE test.” 


Is all this money spent with McDonnell? 


in the last 4 or 5 months, did you not? 


You had to change it 


Dr. Drypen. Those pages relate to the McDonnell contract. 


Mr. Tuomas. 
1960 as against $ 
Dr. DryYvE N. 


22,299, 


333 in 1959. 
That is right. 


Mr. Tuomas. Will it be. completed in fiscal year 1961 ? 
Dr. Dryven. It will certainly be finished in calendar year 1961. 
Mr. Tuomas. Will there be any added expenditures other than what 


you have scheduled here? 
Dr. Sriverstern. Not for 


carry on beyond 1961. 


the MERCURY 


program 
There will be a follow-on to the MERCURY program which will 


This table shows you spent $47,212,000 in fiscal year 


directly. 


That is the advanced MERCURY program, 


'y 


483 


but the program as we have described it and the flights we have de- 
scribed for it—— 

Mr. Tuomas. Suppose it is a success? What are you doing? Sup- 
pose it is a medium success What will you do? Suppose we meet 
with disaster? What are your plans under the three different cir- 
cumstances ¢ 

Dr. Drypen. I just wanted to correct one thing: Some of the flights 
will occur beyond the end of fiscal 1961 and there will be operational 
costs connected with those flights. If MERCURY is a success, there 
will be a follow-on program with life and control of the vehicle, so 
that its path can be changed. If it is a failure, of course, the whole 
manned space flight situation would be up in the air, or perhaps more 
accurately, down on the ground. 


VEHICLE Systems TECHNOLOGY 


Mr. Tromas. We shall insert into the record at this point pages 
168, 169, and 170 of the justifications. 
(The pages referred to follow :) 


VEHICLE SYSTEMS TECHNOLOGY 
a a SN isi ins ahah cklileizamatdenccawibencicide ns Schl aapsaaca kde cae $1, 908, 651 
Fiscal year i i i ns iii an asin tS ig 


I EO nek cnc ah he gg een aint ce wis ian Sco 
1. Objectives 


To conduct studies and to develop materials, components, subsystems, and 
systems which will provide the optimum structure, configuration, guidance, con- 
trol, and orientation and auxiliary power systems for space investigations such 
as deep space missions, lunar missions, and earth satellite projects. 

2. Justification 


Space exploration depends upon guidance, control, attitude, and stabilization 
equipment for placing vehicles into the desired trajectories and with the de- 
sired orientation. Much of the guidance and stabilization technology which has 
been developed for the ballistic missile is applicable to space exploration. For 
example, injection guidance for space missions may be directly appropriated 
from ballistic missile experience, with only the additional developments re- 
quired to produce lighter weight systems and to adapt existing knowledge and 
guidance technology to larger boosters such as the SATURN. However, the 
total requirements generated by space missions are different in both kind and 
degree. Consequently, development effort is required to provide vehicle and 
component control at great distances from the earth. These developments relate 
to components and systems for sensing and modifying the velocity of spacecraft 
in a manner to follow prescribed trajectories. They also are needed for stabiliz- 
ing spacecraft and components with respect to known coordinate systems such 
as those involved in establishing a proper propulsion thrust vector, controlling 
temperature through heat absorption or radiation, or in collecting solar energy. 
Further system developments are needed for sensing position and orientation of 
spacecraft, subsystems or components, and for providing reaction forces to 
modify the orientation required in such applications as maintaining communica- 
tion through the use of high-gain antennas. 

Successful space missions also depend upon the protection of scientific in- 
struments from the hostile environment of space. The pursuit of this objective 
leads to research on materials to provide protection through the fabrication of 
durable but light-weight structures or by the development of resistive ma- 
terials from which components or instruments can be assembled. 

In the area of vehicle engineering, emphasis is on structural aspects and 
integration aspects of the variety of subsystems which compose the spacecraft. 
As a part of this effort there is a study on types of propulsion systems which 
should be used under different conditions; studies on landing techniques; and a 
look at the general problems of entry and reentry. 
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38. Program phasing 

Guidance and control activities during the fiscal year 1959 were restricteg 
to research on components and to a study of NASA space mission requirements, 
with the objective of defining a productive guidance approach. During the fiscal 
year 1960, the first steps outlined in the guidance study are being undertaken: 
(1) the start of work on a first generation, or phase I, inertial injection guiq. 
ance system utilizing analog techniques and guiding all stages of the launch 
booster, (2) start on a phase II inertial guidance system utilizing digital teep. 
niques and possessing great flexibility in programing, and (3) the development 
of a completely digital precision autopilot for use in earth satellite missions which 
require supervision through burnout of the final boosted stage but which can 
be accomplished with less expensive control mechanisms. Radio guidance tech. 
niques were extended to the post injection, or midcourse, portion of space flight. 
Efforts at first generation vehicle-contained midcourse guidance, terminal guid- 
ance and attitude control will be undertaken during the fiscal year 1960 in the 
spacecraft developed as the connecting link between the capability of the AGENA 
B booster and the desired circumlunar, or rough lunar landing missions. 

In the fiscal year 1961 a start will be made on vehicle-contained capability 
for trajectory corrections. Terminal guidance and attitude control will be con- 
tinued in conjunction with the development of more sophisticated spacecraft to 
be carried on advanced boosters. 

Guidance and control equipment will be designed to provide the capability of 
circumnavigating a celestial body, establishing precise orbits, circularizing 
elliptical orbits at prescribed altitudes, controlling the approach and letdown for 
soft landings, and providing a means for sample return from the Moon and 
reentry into the Earth’s atmosphere either from escape velocity or from a 
satellite orbit. This will be accomplished through the evolutional development 
of vehicle-carried systems. Component development for controls and sensors 
must be carried on at a parallel rate 

Materials research will require increased emphasis during the fiscal year 1961 
to provide knowledge relating to the behavior of materials under the three con 
ditions of thermal equilibrium—namely, space flight, the cold lunar night, and 
the lunar day with its high level of infrared reflection; to thermal shocks re 
sulting from transitions between these stages of equilibrium: and relating t 
the effects on materials during reentry from either escape velocity or satellite 
orbits. 


Program cost 








| Fi } Fiscal 
| ] ) ’ 1961 
Advanced t 
Dev ! f nidane t $3, 804, OF $1, 800, 00 
Developn ico genidan s " 300. 004 
Dx ) hit lidanes ' 
D f at id yntrol te 20, 00 
Developm of uidance and = control s 1 fo 
CE iN rAU R-hoosted spacecraft : J 13, 000, 00 
Develonment f guidan ind co 1 syst 
S 4 ru N yosted spacecraft oN) O00 1. 650. OW 
Vehicle en OS, 00 1, 000, OX 
Ady need tect sl developmen 01 
mate Ss $1. 903. 651 2 000, 00 
Total 1, & t 6, 737, 000 1, 200, 001 


Mr. Tnomas. This is your vehicle systems technology. Your jus- 
tifications state the objectives as follows: 

To conduct studies and to develop materials, components, subsystems, and 
systems which will provide the optimum structure, configuration, guidance, con- 
trol, and orientation and auxiliary power systems for space investigations such 
as deep space missions, lunar missions, and earth satellite projects. 

Well, you have everything in the book in this, have you not? 

Dr. Drypen. The first section of this relates lar gely to guidance and 
control systems. Then, there is a section on vehicle engineering deal- 
ing with the 
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Mr. Tuomas. I note that you have an item for the development of 
injection g guidance systems. 

With whom are you spending that money which is in the sum of 
$1.8 million in fiseal year 1961 and was $3, 804,000 in fiseal year 19604 

Then, you have the development of midcourse guidance systems in 
the amount of $1.3 million and your deve ‘lopment. of guidance and con- 
trol system for CENTAUR-boosted spacecraft in the amount of $13 
million. it 3 

That isa new item, is it not? 

Dr. Su.versrern. That. will be under our contract with JPL—this 
item of $13 million. That is a part of the funds which support 
their operation, because they are the prime contractor and they will, 
in turn, subcontract a large percentage of this out to industry. 

Mr. Tuomas. It would be a whole lot clearer and more under- 
standable if you would list those activities at the JPL laboratory in- 
stead of chi: sing these items from one book to another. If you would 
put them under that labor: atory, we would know exactly what is going 
on and what you are payu ge for it. If the Bureau of the Budget 
wants you to work and use a performance budget, we have no ob- 
jection to your working out one for them. hg: 

Dr. Drypen. All of the contracts for R. & D. will be administered 
Ba sarah JPL, Goddard, and, in a few instances, from headquarters 
still. 

Mr. ‘Tuomas. Gentlemen, we will proceed to consideration of the 
next item. 

SoLtip Rockets 


Mr. Tomas. For solid rockets your request is in the amount of $2.8 
million as against $3,785,000 in fiseal year 1960, 

At this point in the record we shall insert pages 171 through 
of the justifications, 

(The pages referred to follow :) 


prey 
in 


SOLID ROCKETS 
‘. S615, SOS 
3. 785, 000 
2 800. 000 


Fiscal year 1959 
Fiscal year 1960 
Fiseal year 1961 


1. Objectives 


To establish, on an experimental basis, the background which will 


allow 
exploitation for space vehicle use of the high reliability 


. Simplicity, and economy 
of solid propellant engines; demonstrate advanced techniques in the use of very 
high performance solid rockets as upper stages and as auxiliary 
space vehicles; develop techniques for improving the utility and 
of solid propellant rockets by devising improved and advanced 
thrust vectoring, modulation, and termination ; conduct studies and experimental 
programs to establish the application of solid propellant motors as first-stage 
high-thrust boosters for space vehicles; and to explore techniques for exploiting 
the properties of solid rockets for sounding vehicles to obtain greater simplicity 
and economy. 


rockets for 
versatility 
methods for 


Justification 


Solid propellant rockets have several inherent advantage From a logistic 
and handling standpoint, they are storable for extended periods of time, they 
utilize simple operating principles, they involve essentially no complex machin- 
ery, they are generally transportable in the loaded condition, and they offer 
advantages of simple firing techniques for relatively untrained launching crews. 
These general characteristics make for high reli: ibility and, in 


general, lower 
costs in development and use compared to liquid rocket systems, 


The basic char- 
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acteristics of solid rockets also allow them to be fabricatd readily in different 
sizes on a short development time scale. 

Fronr a performance standpoint, solid propellant rockets have two inherent 
characteristics which can be exploited to great advantage for propulsion in space 
booster vehicles. First, the physical properties of solid rockets allow them to 
be constructed to very high ratios of propellant to inert parts when employed 
as upper stages in a vacuum environment. The second advantageous perform- 
ance characteristic is the ease with which thrust levels can be varied. It is not 
distinctly more difficult or expensive to develop thrust levels of 1 million pounds 
as compared to the 100,000 to 500,000 pound thrust levels now employed. 

The utility of solid rockets is limited by the present cumbersome and relatively 
inefficient techniques for controlling thrust level during burning, for terminating 
thrust, and for obtaining thrust directional control. In addition, the inability 
to reignite a solid motor after initial termination decreases its utility as a 
terminal stage or as a retrorocket. While high propellant-mass ratios of 0.96 
to 0.97 are achievable in solid rockets, little has been done to demonstrate on 
a significant size scale the achievement of such performance. 

The proposed program will aim at improvement of the deficiencies discussed 
above and at the demonstration of some of the performance, reliability, and 
logistic advantages of solid rockets. A program will be continued to evaluate 
and develop new propellants for space propulsion as new ingredients and pro- 
pellent materials become available. 

3. Program phasing 

The solid rocket program is divided into four parts as follows: 

High performance motors.—Iin the fiscal year 1959, work was initiated to 
demonstrate the feasibility of rocket motors with a propellant to loaded motor 
weight ratio of 0.96. In the fiscal year 1960, a limited number of static firings 
are being conducted to prove out these designs. In the fiscal year 1961, work 
will be continued on advanced techniques for achieving ratios of 0.96 and beyond, 
and for solving associated propellent gegmetry, case, and nozzle design and 
development problems. Advanced techniques for achieving economical sounding 
rockets of high performance will also be explored. Sufficient data should be 
available by the fiscal year 1961 to conduct design studies and initiate develop- 
ment of very high performance terminal stages for specific space vehicles. 

Advanced thrust modulation and vectoring systems.—Limited work was initi- 
ated during the fiscal year 1959 on exploring the feasibility of thrust modulation 
by ultrasonics. The 1960 program is expanding the effort on thrust modulation 
and includes work on the exploration of new techniques for thrust vectoring and 
thrust termination. In the fiscal year 1961 work will be continued on the most 
promising programs. Studies to apply some of the advanced techniques to 
specific solid motors will also be initiated. 

High performance propellent systems.—In the fiscal year 1959 work was initi- 
ated on the evaluation of new propellents and ingredients, and on their incor- 
poration into propellent systems for application to the unique needs of space 
propulsion systems. This effort will be continued in the fiscal years 1960 and 
1961 with particular emphasis on exploiting the new ingredients and materials 
that are being synthesized and developed under programs sponsored by the 
Department of Defense. 

Improved motor materials and manufacturing techniques.—Solid rockets for 
space applications require manufacturing techniques of high reliability and 
precision. Fiscal years 1959 and 1960 programs were initiated on nondestructive 
inspection techniques, inspection criteria, and on advanced methods of fabricating 
rockets, such as building a loaded rocket motor in separate sections and then 
assembling them. These programs will be continued, and the nondestructive 
testing techniques and inspection criteria developed will be applied to motors 
actually being manufactured for application to space vehicles. 
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4. Program costs 





Fiscal year | Fiscal year Fiscal year 
1959 | 1960 1961 

Advanced technical development: | 
High-performance motors- -__- Scan oe a $260, 898 $1, 515, 000 $1, 300, 000 
Advanced thrust modulation and vectoring systems_.___- 90, 000 | 930, 000 | 500, 000 
High-performance propellent system _. 175, 000 | 910, 000 700, 000 
Improved motor materials and manufacturing techniques 90, 000 430, 000 300, 000 

Total 4 pias 


Lisietant UGA, sleds Ye 615, 808 8, 785, 000 | 2, 800, 000 
' 


Liguip Rockets 


Mr. Tuomas. The next item is your liquid rockets wherein the re- 
uest is $63 million for fiscal year 1961. 
We shall insert at this point in the record pages 174, 175, and 176 
of the justifications. 
(The pages referred to follow :) 


LIguiIp Rockets 
a me eee p eat erates $15, 978, 589 
_. 30,328, 000 
; ‘ : piece 65, 000, 000 


Fiscal year 1959 
Fiscal vear 1960 
Fiscal year 1961 


1. Obiectives 


To develop an advanced capability for launching and propelling payloads for 
space exploration through the use of liquid propellent rocket engines; to im- 
prove the performance of space vehicles through the development of improved 
propellants and equipment: and to work out practical solutions for the technical 
problems occurring in development and operation of liquid propellent engines. 
2. Justification 


The liquid propellent rocket is the mainstay for propulsion of the present and 
coming generation of space vehicles. To provide capability for launching and 
propelling payloads for space exploration requires the development of several 
new high-performance engines of different thrust levels. These include a large 
booster engine, engines using hydrogen-oxygen propellants in upper stages, and 
engines using propellants that are storable for prolonged periods of time in the 
space environment. 

For missions aimed at launching large manned vehicles into orbit around the 
earth or for delivering large instrumented payloads on the surfaces of the 
planets, booster thrust levels significantly greater than those of ICBM engines 
are needed. Accordingly, a 1,500,000-pound thrust engine is now under develop- 
ment. Manned vehicular landings on the surface of the moon or planets with 
return can be accomplished by clustering 4 to 6 of these engines into a first-stage 
booster. 

The full payload carrying capability of the booster engines can only be realized 
by the use of upper stages equipped with engines using high-energy propellants. 
The use of hydrogen-oxygen as the propellant for upper stages of space vehicles 
will increase carrying capability about 50 percent per stage as compared to 
hydrocarbon-oxygen engines. One large engine using hydrogen-oxygen propel- 
lants is now under development. Experimental tests have demonstrated the 
feasibility of building an engine with a thrust level suitable for use with 
advanced vehicles on space missions. 

8. Program phasing 


A contract to develop a single-chamber engine of 1,500,000 pounds thrust was 
let in 1959. During the fiscal year 1959, thrust chamber hardware was fabri- 
eated and preliminary thrust chamber tests were begun. Other components of 
the engine were designed. Modification of existing test facilities to accommo- 
date this engine and construction of one new test facility necessary for engine 
testing were undertaken by the Air Force. Fabrication of engine components 
and extensive testing of all elements of the engine will be started during the 
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fiscal year 1960. Initial assembled engine tests with continued component deyel- 
opment are scheduled for the fiscal year 1961. 

During the fiscal year 1960 a development effort will be initiated on a large 
engine using high-energy propellants for application to advanced vehicles. 

Applied research and experimentation as well as analytical investigations on 
advanced engine types will be carried out. Applied research on engine problems 
in the fiscal year 1959 was devoted to a determination of the feasibility of large 
thrust single chamber boosters. In the fiscal year 1960 applied research wil] 
include analytical and experimental investigations into causes and methods of 
avoiding combustion oscillations in large rocket engines, and applied research 
required in further development of the 6,000-pound thrust storable propellent 
rocket. In the fiscal year 1961 applied research funds will be used to con- 
tinue the combustion oscillation investigations started in the fiscal year 1960, 
and to start a project to investigate liquid propellants capable of being stored 
in a space environment for prolonged time periods. 

The fiscal year 1961 advanced engine design investigations will include an 
investigation to determine methods of simulating operational characteristics of 
large engines through model tests: and the continuation of injector, thrust cham- 
ber, heat transfer, and chamber fabrication investigation pertinent to storable- 
propellent engines. 


Program costs 


Fi l yea Fi i) Vear Fi ul year 
1959 wo 1961 
Advanced technical development 
Advanced engine design investigations $3, 558, 589 $3, 688, 00K $3, 400, 000 
Applied rese arch on en ine problems 49, O00 1, 470, 000 1, 800, 000 
Development of 1,500,000-pound thrust booster rocket engine 10, 000, 000 24, 200, 000 41, 000, 000 
Development of hydrogen-oxygen upper-stage engines ‘ a" 16, 000, 000 
Development of storable-propellant engines ; 2, 000, 000 970, 000 800, 000 
NR aes ia es £2. ‘ 15, 978, 589 30, 328, 000 63, 000, 000 


Mr. Tuomas. You are getting into real money again. You are 
requesting $63 million for fiscal year 1961 as against $30,528,000 in 
fiscal year 1960 and as against $15,978,589 in fiscal vear 1959. 

Where is this money spent ? 

Your justification states as follows: 

To develop an advanced capability for launching and propelling payloads for 
space exploration through the use of liquid propellant rocket engines ; to improve 
the performance of space vehicles through the development of improved pro- 
pellants and equipment; and to work out practical solutions for the technical 
problems occurring in development and operation of liquid propellant engines. 

Is this projected for 1968 or 1969? 

Dr. Drypen. Two-thirds of this is on the F—1 engine—which we 
have discussed before—in the amount of $41 million: $16 million is 
on the hydrogen-oxygen engine that Dr. von Braun spoke about. The 
other $3.4 million is on advanced engine design investigations. It is 
for study of the so-called plug-nozzle engine on which some research 
has already been carried on and financed—and about which you may 
have read in advertisements of some companies. It is not quite clear 
yet whether this should be carried to the development stage. 


COST FOR DEVELOPMENT OF 1,.500,000-POUND THRUST BOOSTER 
ROCKET ENGINE 


Mr. Tuomas. We will insert into the record at this point the table 
which appears at the bottom of page 176-5 of the justifications. 
(The table referred to follows :) 


| 
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Item Fiscal year Fiscal year Fiscal year 
1959 1960 | 1961 

ET CREED «ncn cope nnnnessoenanqosnnnnmigzingnne aes -| O20) OOO tras. oa hte tess iene 
Component developme sas Sinan | 3, 791, 000 $12, 596, 000 $16, 119, 000 
Component test . - ------ ‘ os ohh tel Atl i 622, 000 2, 197, 000 | 3, 848, 000 
Engine development ; ee 5 408, 000 5, 755, 000 | 14, 683, 000 
Engine test cided when L : pee eee 2, 325, 000 
Fabrication and test eq aipm nt ine ; 4, 428, 000 2. 452, 000 317, 000 
Propellants . 1, 200, 000 3, 708, 000 

Ec aceo os Seda Shee ésweune scigllghneodureiied 10, 000, 000 24, 200, 000 41, 000, 000 


Mr. hep For preliminary design you have no request in fis- 
cal year 1961 but for component de velopment you have a request in 
the canal of $16,119,000 and for component test you have the sum 
of $3,848,000. 

For engine development you have the sum of $14,683,000 and for 
engine test you have the sum of $2,825,000, 

Where are you going to spend this money ¢ 

Dr. Drypex. At North American Roe ketdyne Division. 

Mr. Tuomas. Is this under the JPL laboratory ? 

General OstranpveEr. No, sir; this is done through Huntsville. 

Mr. Tuomas. This is a part of Dr. von Braun’s work down there? 

Dr. Drypen. This will be monitored by Dr. von Braun. 

Mr. Tuomas. The whole $63 million is an adjunct to his activities? 

General OsTRANDER. Yes, sir. 

Dr. Drypen. The two big items are the 1.5 million pound thrust 
engine and the hydrogen-oxygen engine. 

Mr. Horner. There is one small item of $800,000 which will go to 
JPL for storable propellants. 

General OstranpeR. There are actually three items which include 
the 1,500,000-pound thrust engine, the 200,000-pound thrust hydro- 
gen-oxygen engine and the last one is the small one which will be 
under JPL. 

Mr. THomas. You have an $800,000 item now and you have more 
than three items; have you not ? 

General Osrranver. Those are the three engine items. We have a 
number of advanced technological items. 

Mr. Tuomas. You are working on three engines. Your money is 
split over your three engines / 

General Osrranper. Yes, sir. 

Mr. Tuomas. The preliminary design is in the amount of $585,- 
(00; your component development is in the amount of $4,686,000— 
and that is for your 200,000- ‘pound thrust hydrogen-oxygen engine? 

General Osrranper. Yes, sir. 

Mr. Thomas. Then, vou have your 1,500,000-pound thrust engine? 

Dr. Drypen. Yes, sir; 114 million pounds. 

Mr. Troms. And that is in the amount of $5.2 million. 

General Osrranper. These are for a number of advanced tech- 
nological developments including this plug nozzle that Dr. Dryden 
spoke of, and investigation of hydrogen-oxygen problems in flight. 

Mr. Trromas. Those are preliminary. Your budget includes $41 
million for your 1,500,000-pound engine; does it not ? 

Dr. Drypen. That is correct. 
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Mr. Horner. Those first two items are broken down on the top of 
page 176. 


NvucLEAR Systems TECHNOLOGY 


Mr. Tuomas. The next item is your nuclear systems technology 
wherein you are requesting $10 million for fiscal year 1961. You had 
$6 million for fiscal year 1960. 


Where is this money being spent ? 

We sh: y insert into the record at this point pages 177 through 180 
and 180-1 and 180-2 of the justifications. 

(The pages referred to follow :) 


NUCLEAR SYSTEMS TECHNOLOGY 
papel sear 7000... ...........- ; Pl PALMER ERA $3, 810, 496 
wens Sele Tee0. 2... Saint : : 6, 000, 000 
Fiscal year 1961___ ce ; : : 10, 000, 000 


1. Objectives 


To develop the components and technology required to permit the development 
of nuclear-powered systems to deliver large payloads to interplanetary objectives, 
The current emphasis in this program is on solution of the many technological 
problems that now stand in the way of nuclear system development. 


Justification 


The two principal types of nuclear systems that are considered suitable for 
the propulsion of high payload rocket systems in space are the nuclear heat 
transfer rocket system and the electrical propulsion system using a nuclear 
reactor system to generate electrical power. The nuclear systems 
program supports the work on the nuclear heat transfer rocket 
the nuclear reactor electric power generating systems. 

Th nuclear heat transfer rocket is a system in which hydrogen is heated to 
high temperatures in a nuclear reactor to produce specific impulses in the range 
of 700 to 1,000 pounds of thrust per pound of hydrogen flowing per second. The 
high specific impulse potentially available from the nuclear heat transfer 
rocket permits the delivery of large payloads for various missions requiring 
high energy. The nuclear rocket can be used in booster rocket systems as well 
as in the space environment. Although early emphasis in the nuclear heat 
transfer rocket program was on research aimed at the development of large 
thrust or high reactor power first-stage rockets, the current goals of the program 
are aimed at accumulating the necessary research information required to 
develop a reactor flight test system that would be launched by chemical rockets 
Such a system could eventually be incorporated into a space vehicle stage which 
would take off for its interplanetary objective after having been launched into 
an earth orbit by large chemical rockets. In this program, the NASA is working 
with the Atomic Energy Commission. 

Nuclear reactor electrical power generating systems are required to supply the 
electrical power needed to accelerate charged particles or neutral plasmas to 
high velocities in order to produce thrust in the electrical propulsion systems 
which appear to have good capabilities for space missions. (The accelerator or 
thrust production components of the electrical propulsion systems are discussed 
under the program entitled “Space power technology.”) Analyses of space 
mission capabilities of these electrical propulsion systems have indicated that 
such systems will be competitive with the low-thrust nuclear heat transfer rocket 
system described above. One of the disadvantages of the electrical propulsion 
system is the long trip time involved as the result of the low ratio of thrust-to- 
stage weight. One of the advantages of the electrical propulsion system is that 
the electrical generating equipment may be used for communications when the 
payload has been propelled to its planetary objective. 

It is one of the purposes of the present program to do the research necessary 
to develop high-power, lightweight nulclear reactor electric generating systems. 
It is felt that the development of such high-power systems must wait for the 
accumulation of various fundamental data and research on critical components 
of the system. In addition to the funds required for applied research leading 
to advanced high-power systems, funds are included in this program to continue 
the development of a system for converting energy from nuclear heat to electrical 


technology 
system and on 





At 
ir 
ry 
0 


he 
to 
ns 
or 
e 
ce 
at 
et 
on 
tO- 
at 
he 


ns. 
he 
its 
ng 
ue 
“al 


491 


power using currently available information. This conversion system will be 
matched with the SNAP-8 reactor being developed at the request of the NASA 
py the Atomic Energy Commission. This reactor electric system will produce 
enough power to supply communications needs for planetary missions as well 
as to test early versions of electrical propulsion systems. 

8. Program phasing 

The work under this program is divided into nuclear reactor electric gen- 
erating systems and nuclear heat transfer rockets. The fiscal year 1959 funds 
for nuclear reactor electric generating systems were used to design conversion 
equipment for a nuclear electric system (SNAP-8) and to initiate fabrication 
of the components. In addition, work was started on the acquisition of data 
that will be required in the design of higher power, higher temperature systems. 
Funds for the support of the nuclear heat transfer rocket reactor test program 
were transferred to the Atomic Energy Commission to undertake the develop- 
ment of a pump that will be used in the test program. In addition, funds were 
used to initiate experiments (such as the effect of radiation on the properties of 
materials at cryogenic temperatures) that will supply information necessary 
in the eventual design and operation of nuclear rockets. 

In the fiscal year 1960, the components of the nuclear electric system will be 
fabricated and component testing will be initiated. The work on the funda- 
mental information required to permit the design of higher power, higher 
temperature systems will be expanded. For instance, work will be undertaken 
on the corrosion characteristics of high-temperature working fluids. The support 
of the reactor test program will be expanded. The development of a pump for 
operation under the conditions required for early reactor testing will be com- 
pleted, and research and development on a pump-drive system will be under- 
taken. Work on the fundamental information that will be required in the 
design of nuclear rockets will be expanded. For example, work on shielding 
methods will be undertaken. The test loop for the study of radiation effects at 
cryogenic temperatures will be designed, fabrication will be started, and pre- 
liminary tests will be run. 

In the fiscal year 1961 the first conversion system tests will be run as part of 
the nuclear electric system (SNAP-S) development program. Much of the 
fundamental data required for the design of components of a high-power, high- 
temperature system should be completed so that early applied research design 
and experimental studies should be initiated on critical components of such 
systems. In the nuclear heat transfer rocket program, it is planned to develop 
the turbopump to full rated performance for use in higher power reactor tests 
than those considered in the fiscal year 1960 pump development. Work will 
be expanded on the other nonnuclear components that will be required in the 
nuclear rocket System. 

Program costs 


Fiscal year Fiscal year Fiscal year 
1959 1960 1961 
Advanced technical development 
Nuclear heat transfer rocket 
Reactor test (Rover) support $1, 910, 496 $3, 000, 000 | $4, 300, 000 
Applied research on nuclear rockets 1, 100, 000 1, 100, 000 1, 000, 000 


Breadboard engine de 200, 000 


lotal 3, O10, 496 4, 100, 000 5, 500, 000 

Nuclear electric power generating system 
SNAP-S development 600, 000 1, 000, 000 2, 000, 000 
Applied research on high power systems. . ee 200, 000 900, 000 2, 500, 000 
Total 800, 000 1, 900, 000 4, 500. 000 
Grand total__. ‘ q 3, 810, 496 6, 000, 000 10, 000, 000 
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OBJECTIVE 


This program covers the two principal types of nuclear systems that are eon. 
sidered suitable for the propulsion of high-payload rocket systems in space— 
the nuclear heat transfer rocket system and the nuclear electric power 
erating system. A description of the elements of this program follows: 


gen- 


NUCLEAR HEAT TRANSFER ROCKET SYSTEM 
Reactor test (Rover) support 

The NASA has the responsibility for supplying and developing certain nop- 
nuclear hardware for the AEC nuclear rocket reactor program. In genera]. 
this nonnuclear hardware is equipment that is required in nuclear rocket flight 
systems. In addition, the NASA is responsible for supplying all nuclear rocket 
test facilities with the liquid hydrogen and other propellants that are required, 
The reactor test support items are listed below: 

Pump development.—A liquid hydrogen pump is being developed for use in the 
reactor test program to pump hydrogen from the storage tank into the reactor 
during the test program. Such a pump is also required in rocket flight systems. 

Turbopump system development.—The liquid hydrogen pump mentioned above 

will be developed to its full rated flow and pressure capability. A turbine and 
a gas generator will be developed to drive this pump. This system will be in- 
stalled in the AEC reactor test facility for evaluation of reactor performance 
when combined with the characteristics of a turbopump hydrogen-propellant feed 
System. 
Liquid hydrogen cooled jet nozzle.—A liquid hydrogen-cooled jet nozzle is re 
quired for the AEC reactor test program to evaluate the effect of regenerative 
cooling on reactor operation. In addition, the heat load on a nuclear reactor 
rocket jet nozzle is so great at the conditions that will be run that hydrogen 
cooling is necessary if reactor testing is to be possible. This item covers the cost 
of developing a suitable hydrogen-cooled nozzle and of conducting the necessary 
advanced work at higher temperatures than those that will be encountered in 
the early tests. 

Liquid hydrogen and propellent supply.—As mentioned above, the NASA is 
responsible for supplying the propellants that are required for the nuclear rocket 
program. At the present time, the necessary hydrogen is being supplied from 
Air Force facilities and the NASA has agreed to reimburse the Air Force for 
all of the propellant used. Hydrogen is used in the reactor tests, and in the 
development of all of the nonnuclear components mentioned above. In addition, 
nitrogen and helium are used in the various test facilities to purge the system 
and to precool or chill the system down so that excessive evaporation of the 
costly hydrogen will be avoided. 

Applied research on nuclear rockets 

The work covered by this line item in the NASA fiscal year 1961 budget is 
aimed at developing the technology that is necessary before nuclear rocket sys- 
tems can be designed, built, and operated. This technology involves problems 
that result when the reactor and other components in the nuclear rocket are 
packaged closely together as they would have to be in a flight system. It in- 
cludes analysis and experiments to determine and solve the problems associated 
with the use of hydrogen in a reactor radiation field. The items included in 
this research phase of the program follow: 

Rocket-system dynamics.—The successful operation of a nuclear rocket system 
requires the analysis and development of a system to automatically control both 
the hydrogen flow system and the nuclear reactor. The interaction of all of the 
flow system and reactor components using data obtained during steady static 
tests of all of the components will be analyzed so that adequate control systems 
may be designed. These control system studies will include the analysis and 
design of systems for automatically starting up the rocket system, shutting it 
down so that the reactor does not burn up, and then restarting the reactor system 
so that system may accomplish useful space missions. 


Mr. Trromas. Your justification objectives are stated as follows: 


To develop the components and technology required to permit the develop- 
ment of nuclear-powered systems to deliver large payloads to interplanetary ob- 
jectives. The current emphasis in this program is on solution of the many 
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technological problems that now stand in the way of nuclear system develop- 
ment. 

This will not be spent at your laboratory at Plumbrook and neither 
will it be spent at any of the laboratories of the Atomic Energy 
Commission / 

Where will it be spent ? 

General OsTRANDER. It will be spent through one of the laboratories 
of the Atomic Energy Commission to develop the pump and the tur- 
bine to run the pump and nozzle and to supply the hydrogen for our 
tests. 

Mr. Tuomas. For the reactor test for support of Project ROVER 
you are requesting the sum of $4.3 million; for applied research on 
aoe ur rockets you are requesting the sum of $1 million and for the 

sadboard engine design you are requesting the sum of $200,000. 

Ww hat became of the other $4.500,000 ¢ 

Dr. Dryven. It ison the next page. 

Mr. THomas. What do you mean by the next page / 

Dr. Drypen. Page 180. 

Mr. Tuomas. For applied research on high-powered systems, $2.5 
million ; for SNA P-8 development, $2 million ; and so forth. 

What does that mean? Where will that money be spent ? 

General OsTraANDER. This isa development of an electric power gen- 
erating equipment to use in a reactor now under development by “the 
Atomic Energy Commission, and it will be spent with industry. We 
now have solicited bids but we have not selected a contractor yet. 

Mr. THomas. What firms are engaged in this type research ¢ 

Dr. Drypen. North American, Thompson- Ramo Woolridge, Aero- 
jet, General Atomico, and several others. 

Mr. Tuomas. This is all in addition to what the Atomic Energy 
Commission spends‘ Also this is in addition to what your own re- 
actor bill will be. 

Dr. Drypen. This is to take the pl: ce of the solar-cell paddles in 
the bigger satellites. The Atomic Energy Commission furnishes the 
reactor. This money furnishes the power-generating machinery. 
Usually a heat transfer fluid is used to tr: ansfer the heat to drive a 
turbine which runs an electric generator which gives you the power. 
That is what the SNAP-8 development system is. 

Mr. Ruopes. What is that for / 

Mr. Horner. To operate the radio, instrumentation, television, if 
you use that. 

Mr. Ruopes. It provides no propulsion ? 

Mr. Horner. Auxiliary power. 

Mr. Tomas. Dr. von Braun said in 1969 or 1970 you might have 
something like that. 

Dr. Drypen. This is internal power. 

Mr. Horner. He was speaking with reference to page 179 

Mr. Tuomas, This is not for propulsion ? 

Dr. Drypen. No. 

Mr. Tuomas. Are you spending any money in that field ¢ 

Dr. Drypen. Yes; that is the item we just discussed. 

Mr. Tuomas. With whom are you spending that money ? 

Dr. Drypen. The pump is being developed by North American. 

Mr. Tuomas. $4.3 million. 
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General Osrranper. The nozzle is North American, the hydrogen 
is supplied by— 

Mr. Tuomas. This is research on just a half dozen component parts, 
You have not even broken ice, have you ? 

Dr. Drypen. This work is leading toward a so-called breadboard 
engine—a working engine. When they get an engine that works, and 
they know it will work, we go out to a contractor to develop an 
actual engine suitable for use in flight. 

Mr. Tuomas. This is the $514 million? 

Dr. Drypen. Yes. 

Mr. Tuomas. Is this the first expenditure you made on this? 

Dr. Drypen. Last year there was transferred some amount of 
money. 

Mr. Utmer. $4 million last year. 

Mr. Tuomas. Youset up $4.1 million for 1960 and $3,010,496 million 
for 1959. You have not been working on that 3 years, have you? 

Mr. Horner. Yes, sir. It was going on within the Department of 
Defense and the AEC before NASA got into business. 

Dr. Drypen. Actually these numbers came from Defense. 

Mr. Horner. The 1959 numbers did. 

Mr. Tuomas. Is this part of the research being done out in Ohio for 
the Atomic Energy Commission ? 

Dr. Drypen. No. 

Mr. Tuomas. This isa separate and distinct proposition ? 

Dr. Drypen. That is right. 

Mr. Tuomas. This is purely a rocket engine ? 

Dr. Drypen. Yes, sir. 

Mr. Tuomas. You cover the waterfront here. Are there any other 
sources of power known ? . 


SPACE POWER TECHNOLOGY 


Dr. Drypex. Yes: there are one or two speculative ones but we are 
not ready to work on them seriously. One proposes to interact in some 
way with the magnetic field. I do not quite know how this will operate. 

The other is to use the solar wind—to use radiation pressure from 
the sun. 

Mr. Tuomas. Off the record. 

( Discussion held off the record.) 

Mr. Tuomas. What isthe nature of this? 

Dr. Drypen. This is broken down on the pages following 182-4. 

Mr. Tromas. Insert page 182-4 in the record. 

(The page referred to follows :) 
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Item Fiscal year Fiscal year Fiscal year 
1959 1960 1961 


Projects on space propulsion 
Development of propellent feed system components for 


plasma rocket engines ? ' $300, 000 
Development of ion engine system compone nts 900, 000 
Plasma acceleration eng ine research and development e 600, 000 

Projects on auxil lary power units re 
Noon search and development on thermal energy storage $170, 000 
Solar collector research 30, 000 
Solar-thermionic power systems research and develop- 

ment 300, 000 900, 000 

zesearch and development on silicon cell (solar battery 
Tan ays 300, OOO 300, 000 
Research and development on electrolytically regenerated 

fuel cells 200, 000 500, 000 
Hydrogen-oxygen fuel cell development : 100, OOO 
Studies, research and development of solar power convert 

sion and sun-orientation systems 914. 000 400. 000 


Total : 1, 914, 000 4. 400, OOO 


SOLAR AUXILIARY POWER UNIT DEVELOPMENT 
Three-kilowatt solar auxiliary power unit (Sunflower IJ).—The objective of 
this project is to develop a reliable electrical power supply based on solar energy 


for general purpose usage in satellites and space probes of the CENTAUR and 
SATURN class for missions in the time period 1963-68. 


SOLAR POWER 


Mr. Tuomas. With whom do you spend this $4,400,000 against 
$1,914,000 of last year ? 

General OstraNpdER. Let me check that. 

Mr. ‘THomas. The objective of this project is to deve lop a reliable 
electrical power device. This is for general purpose use in satellites. 

If you get it in satellites you are liable to have it on farms, are you 
not ¢ 

Dr. Drypen. It might be a little expensive for farmers, I would 
guess. 

Mr. Tuomas. It would be cheap power. The device will cost a lot 
but the power will be cheap. 

Dr. Drypen. Will you look at the $2,100,000 ? 

Mr. Tuomas. Yes. 

Dr. Sinversrern. That is a design for which 
contracting. 

Mr. THomas. Could you not cut out every third one of these? You 
can get down to the hard core, get the payloads up in the air and cut 
out some of this experimentation. Let us digest a little bit at a time. 

Dr. Sitverster. This is an advanced system. If you are trying to 
develop an automobile you can develop the brakes, the wheels, and 
the engine, but if you had no carburetor you could not ride the 
automobile. 


We are trying to build a program which has enough of the elements 
init so we have 


Mr. Tomas. You want to find out all about it in 3 years. 
Suppose when you die in the next 40 or 50 years these young fel- 
lows have nothing more to tell you ¢ 


Dr. Sinversrern. If we want to wh SATURN with a payload and 
we have to put power in the payload— 


we are currently 
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Mr. Tuomas. You can use one power in one instrument. 
four different experiments going on here. 

Dr. Stiversrern. There are leadtimes. At low powers we use 
solar paddles. As we get up to 3 kilowatts we will use the solar power 


development we have ‘here, which will throw the sun’s heat onto a 
boiler and into an engine. 


Up to 30 kilowatts we use nuclear power. 

The nuclear power is leadtime, we know. 

Mr. Tuomas. Do you need all these vehicles you have here? You 
have shown what you have developed until Dr. von Braun and the 
others get the big ones in. These are little popcorn poppers. 


You have 


DELTA Space Fuicgntr VEnHIcie 


Insert pages 186 through 188. 
(The pages referred to follow :) 


DELTA 
Fiscal year 1959 a $12, 927, 417 
Fiscal year 1960 : 13, 300, 000 
Fiscal year 1961 ea a 12, 500, 000 


1. Objectives 


To provide a reliable space flight vehicle for medium payload satellites and 
small payload space probes, replacing the present THOR-ABLE, JUNO II, 
JUPITER C, and VANGUARD vehicles. 

Justification 


Space projects to date have utilized vehicles that have been adapted from 
military ballistic missile boosters. While providing valuable interim service, 
most of these vehicles suffer from technical limitations that restrict their 
desirability for long-term application as space vehicles. 

The DELTA space flight vehicle will replace the small-payload vehicles cur- 
rently in use. It will be similar to the THOR-ABLE, but will have a coast- 
phase attitude control system, permitting higher injection altitudes. DELTA 
will be a three-stage vehicle in which the first stage will consist of a produc- 
tion THOR missile with the nose cone and guidance unit removed. The second 
stage will consist essentially of the second stage used in VANGUARD and 
THOR-ABLE with an improved radioinertial guidance system of higher accu- 
racy. The third stage will be a Solid propellant rocket motor developed for 
VANGUARD. 

The DELTA vehicle will be applied to a number of satellites and space probe 
projects. It will have a payload capacity of 300 to 500 pounds for satellite 
applications and up to 65 pounds for probe shots to the vicinity of the moon 
Delta will be useful for both inclined and polar orbits and will be launched 
from both the Atlantic and the Pacific Missile Ranges. Requirements for 
greater lunar payload capability and for increased accuracy in achieving close 
tolerances for orbital circularity, and special demands for obtaining attitude 
stabilization of certain payloads, have all combined to dictate more stringent 
design limits on the vehicle. In the fiscal year 1961, funds will be expended 
to develop hardware intended to yield more precise and controllable flight paths 
and velocities while at the same time increasing payload weight capacity and 
attitude orientation 
3. Program phasing 

The DELTA program is divided into five parts: the fabrication and test of 
the modified VANGUARD/THOR-ABLE second stage: the procurement and 
test of the guidance system: the modification of the THOR boosters; the inte 
gration of the complete DELTA: and the preparation and launch 

Incremental funding for this program, including the procurement of 12 ve 
hicles, was initiated during the fiscal vear 1959. All phases of the vehicle 
engineering program have proceeded on schedule. 

Funding for the fiscal year 1960 and beyond is required for the planned con- 
tinuation of the initial contract Specific sums proposed for obligation in a 
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given fiscal year are not associated with particular vehicles. However, the 
fiscal year 1960 funding essentially supports hardware fabrication and flight 
operation costs for east coast launchings ; and the fiscal year 1961 funding will 
support similar operations from the west coast and will also initiate the vehicle 
improvement program to increase reliability, accuracy, and performance. 


4. Program costs 


————— LE — a 


Fiscal year | Fiscal year | Fiscal year 





1959 1960 | 1961 
eee eee iia a 
Flight research program: | 
“Vehicle engineering and manufacturing, ground service | my 
equipment, and trajectory computations -__....-...--- |} $12, 927, 417 $11, 645, 000 $9, 000, 000 
Range and launching services, shipping costs ~---=----|-------------- 1, 655, 000 2, 300, 000 
Vehicle reliability improvements and modifications 


biden : a eee 1, 200, 000 


NE nite halen une atania ates clasts ce ntiliniakc eanmeinenaiaieasac 12,927,417 | 13,300,000 12, 500, 000 


Mr. Tuomas. Who is doing this research ? 

General Osrranper. Douglas Aircraft. 

Mr. Tuomas. How long have they been working on it 

General OsTRANDER. Started in 1958, I believe, or 1959. 

Mr. Tuomas. You have already spent about $40 million. When 
will he finish this? 

General Osrranper. The funding we have this year will complete 
the program. 

Mr. Tuomas. You mean you will get 12 vehicles for this, General ? 

General Osrranper. That is right. 

Mr. Tuomas. There is no money for VEGA ? 

Dr. Drypen. No; it has been canceled out. 


VEGA Space Fuicur Venice 


Mr. Tuomas. Insert pages 189 and 190, 
(The pages referred to follow :) 


Fiscal year 1959 
Fiscal year 1960____~- 
Fiscal year 1961 


f ‘ keels = _. $14, 291, 494 
Be Se ene eee Be ere i ea 4, 000, 000 


1. Objectives 


The objective was to provide the first general purpose space vehicles in the 
national space vehicle program. The VEGA project was terminated on December 
11, 1959, to reduce the number of rocket vehicles used in the U.S. space program. 
Other rocket vehicles in the national inventory will be used to accomplish the 
satellite and space probe projects for which the VEGA had been planned. 

2. Justification 


The VEGA project included a two-stage and a three-stage vehicle system. 
In both, the first stage used the Convair ATLAS and the second stage, a General 
Electric engine. The GE engine, originally used as the primary booster of 
the VANGUARD, was being modified to include altitude start and restart capa- 
bility. The third stage used the 6,000-pound-thrust storable fuel engine cur- 
rently under development by NASA’s Jet Propulsion Laboratory. This particular 
engine will be continued as an advanced development for use in large spacecraft 
of the future. It is also expected that some of the material and components 
developed by Convair will be usable in the CENTAUR program. 

3. Program phasing 


During the fiscal year 1959, incrementally funded contracts were let for the 
design, development, fabrication and testing, and launching of eight VEGA 
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vehicles, including the requisite modification to the ATLAS first-stage and the 
development of the VEGA second-stage powerplant. 

During the fiscal year 1960 the preliminary design of the second stage, the 
construction of a captive test article, and the development of the second- stage 
engine were continued. The construction of flight engines and vehicles 


was 
also initiated. 
The VEGA project was terminated on December 11, 1959. 
4. Program costs 
Fisi il year Fiscal year Fisc il vear 
1Y459 1960 196] 
Flight research program 
2d-stage develoy ment, fabrication, and testing $11, 290, 000 1 $1. 580.000 | 
3d-stage, development, fabrication, and testing 3, 001, 494 2, 420, 000 | 
Total | 14, 201. 404 4 000. 000 | 


1 Including termination costs. 


Mr. Tuomas. VEGA is canceled out. 

How much money did you spend on VEGA ¢ 

General Osrranper. It looks like something about $18 million. 

Mr. Tuomas. You will let it go down the drain / 

General Osrranper. That is the end of it. 

Mr. Tromas. What did you have set up for it last year? 

Ge neral Osrranper. In 1960 we had about $40 million. 

Mr. Tuomas. We have been using a figure of about S18 million. 
Anyway, it is down the drain. 


CENTAUR space FLIGHT VEHICLI 


CENTAUR, $47 million against $37 million to develop a general 
purpose flight vehicle. We have covered this before. 
Where are you spe nding the money ¢ 
Insert pages 191 and 192. 
(The pages re ferred to follow :) 


CENTAUR 


Fiseal year 1959 $4, 000, 000 
Fiscal year 1960 37, 000, 000 
Fiseal year 1961 17, 000, 000 


1. Objectives 


To develop a general purpose space flight vehicle employing a high-energy 
fuel in an upper stage. 
2. Justification 

CENTAUR is a two-stage vehicle whose first stage is a modified ATLAS D 
missile. The modification consists of replacing the cone frustum part of the 
forward liquid oxygen tank with a cylindrical section having the same diameter 
as the rest of the ATLAS. Between the lower and upper stages is a structural 
adapter that is attached permanently to the lower stage. The upper stage is 
mounted on top of the adapter which is jettisoned with the modified ATLAS 
booster. Sets of hydrogen peroxide rockets are utilized for upper stage attitude 
control during the coast period. The significant feature of CENTAUR is the 
use of liquid hydrogen as a fuel, thus providing a launch vehicle of much greater 
capability than previously available. 

The CENTAUR project was transferred from ARPA to NASA on July 1, 1959. 
Technical direction is by an Air Force team located at the Air Force Ballistic 
Missile Division and reporting directly to NASA headquarters. 
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3. Program phasing 

The CENTAUR missions will involve placing communications satellites in a 
stationary 24-hour orbit, and lunar and planetary probes. The first six develop- 
mental vehicles will be used for both vehicle systems tests and for payload 
missions. 

During the fiscal year 1959 the Air Force let incrementally funded contracts 
for the development of the CENTAUR engines, for the development and fabrica- 
tion of the CENTAUR second stages, and for the modification of the ATLAS 
boosters. 

The existing contracts will be continued under NASA funding during the fiscal 
vears 1960 and 1961. During the fiscal year 1960 static tests of the complete 
CENTAUR powerplant will be run and preliminary design will be completed on 
the second stage. Tests will be initiated to simulate zero-g conditions on the 
liquid gas tank during coasting flight. 

The final design of the CENTAUR powerplant and second stage will be com- 
pleted and the flight test program will be started during the fiscal year 1961. 

4. Program costs 


Fiscal year Fiscal year | Fiscal year 
1960 1961 

ou ‘ j— nt | andi ‘ 

Flight research program | be 

Procurement of booster vehicles | $4, 000, 000 | | $6, 500, 000 

Development and procurement of second stage and engine | $37,000, 000 ®, 500, 000 

Launching operations ' | | 1, 000, 000 


; 


Total . ‘ 4, 000, 000 37, 000, 000 47, 000, 000 


Mr. Horner. Convair Division of General Dynamics at San Diego 
and Pratt & Whitney. 

Mr. Tuomas. Will this complete it? 

Dr. Drypen. This will not complete it. 

Mr. Horner. The CENTAUR vehicle will be a continuing procure- 
ment program as we buy vehicles in the coming years to support the 
payloads. 

Mr. Tuomas. You are still on research and development on 
CENTAUR. When you get a completed vehicle what will it cost 
you? You will have spent $90 million through 1961. 

Dr. Drypen. Research and development plus six vehicles. 

Mr. THomas. Will this wrap it up? 

General Ostrranper. No, sir. Total cost of the program for the 
six vehicles, including vehicles and R. & D., will run about $130 
million. 

Mr. Trromas. That means you will have to go another $40 million 
in 1962? 

General Ostranper. Thereabouts. 

Mr. Tuomas. When will it be ready and completed ? 

General Osrranper. First flight in the second quarter of 1961 
and the last will be required in second quarter of 1962. 


SATURN Muvettistace Launcuine VEHICLE 


Mr. Tuomas. The SATURN program, $134 million against $55 
million. The SATURN first stage is propelled by a cluster of eight. 

Dr. von Braun went into this theory with us. What will this cost 
you? 

Insert pages 193, 194, and 194-1 in the record. 

(The pages referred to follow :) 
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SATURN 
INN I hh at cntetn ecto pcpindinieimes * ($19, 325, 020) 
a eh ie, * (55, 182, 980) 
nd es cis acmubeeacisksbiusm a irenvemeiamesanietcheceense 134, 308, 000 


1 Funded by the Department of Defense. 


1. Objectives 

To develop a multistage launching vehicle for various advanced space-flight 
missions. 

2. Justification 

The SATURN program comprises a series of multistage launching vehicles of 
increasing payload capability for performing various space-flight missions, 
Minimum requirements for three important missions are: (1) to send large pay- 
loads to the Moon and near planets: (2) to place several tons of payload in a 
24-hour equatorial orbit; and (3) to place a manned spacecraft (such as DYNA- 
SOAR) in an Earth orbit. The first version of SATURN is designed to meet 
these requirements. Succeeding SATURN vehicles will have greatly increased 
capabilities for all three of the missions previously mentioned. The increased 
capability is to be obtained by using upper stages from the early versions as 
building blocks in the final vehicle, thus minimizing the number of new stages 
that have to be developed. The SATURN'S first stage is propelled by a cluster 
of eight ICBM-type engines which deliver a total thrust of 1% million pounds. 
The final version of SATURN will use uprated engines giving a thrust of at 
least 2 million pounds. The first SATURN vehicle will be a three-stage rocket; 
the final version may have five stages. Launching of the first SATURN booster 
with dummy upper stages is scheduled for the latter half of 1961. 

The SATURN project was initiated on August 15, 1958, by an order from the 
Advanced Research Project Agency to the Army Ordnance Missile Command. 
The project was funded in the fiscal years 1959 and 1960 by ARPA. The Presi- 
dent of the United States, on November 2, 1959, announced his intention to 
transfer the SATURN project to NASA. In anticipation of the transfer, NASA 
and the Department of Defense have established an interim working agreement 
that provides for immediate assumption by NASA of the responsibilities for the 
technical management of the SATURN vehicle development. 


° 


Program phasing 
During the fiscal year 1959 the design of the first-stage booster and the design 
of tooling for the first-stage clustered tanks were initiated. 

During the fiscal year 1960 the design and development of the first-stage 
booster was undertaken. Construction of prototype tankage proceeded, and 
individual engines were delivered for test. A captive firing of the eight-engine 
cluster is scheduled for the latter half of fiscal year 1960. Contracts for upper- 
stage engines and vehicles will have been let before the end of fiscal year 1960. 

The fiscal year 1961 funds will provide for the continued development, con- 
struction, and testing of the first-stage booster tanks and engines. In addition, 
design and development of upper stages, initiated in the fiscal year 1960, will 
be continued. Part of the fiscal vear 1961 funds will provide for the development 
of vehicle-borne guidance, controls and instrumentation, and the development of 
ground-service equipment 


} | 
] ; wi 1061 

Flight-research provral 
Development and fabrication of first-stave boosters <7. 500, 000 
Development and fabrication of upper sta 19 200, 000 
Guidance, controls, and instrumentation : 12. 800. 000 
Ground-service equipment_._- ), TOR, 000 
Direct material denne 12, 000, 000 
Total __- $19, 325, 029 £55, 182, G80 134, 308, 000 


1 Funded by the Department of Defense. 
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SATURN 
OBJECTIVES 


This program, which has been assigned the highest nationa! priority, is de- 
signed to provide a multistage vehicle of high payload carrying capability 
coupled with a substantial growth potential. The mission objectives of the 
early version SATURN are as follows: 

1. To send large payloads to the Moon and near planets. 

2. To place several tons of payload in a 24-hour equatorial orbit. 

3. To place a manned spacecraft in an Earth orbit. 

The requirement for developing a vehicle of the magnitude of SATURN is 
based upon the objective of flying much larger payload missions than can be 
handled by presently available vehicles. 

Development of the SATURN vehicle is proceeding through an orderly sched- 
ule of ground and flight tests. Captive ground tests are scheduled in the fiscal 
vear 1960; a development flight test program consisting of at least 10 vehicles 
will start in the fiscal year 1961; and the first operational flight is planned for 
the first quarter of the fiscal year 1964. Technical direction of this program is 
at the NASA Huntsville facility. 


DEVELOPMENT AND FABRICATION OF FIRST-STAGE BOOSTERS 


By the beginning of the fiscal year 1961, the final assembly of the first 
SATURN flight test vehicle (SA-1) will have been started. The initial non- 
flyable booster (SA-T) will have completed its first firing test at Huntsville. 

Mr. Tuomas. Off the record. 

(Discussion held off the record.) 

Mr. Tuomas. The cost is $850 million. Is that correct? 

Mr. Horner. About right. 

Mr. Tuomas. We have appropriated how much to date? It will 
cost $850 million, and ready in early 1964? 

General Ostranper. In 1964. 

Mr. Tuomas. What have we spent to date and when did we start 
this? Did westart in 1959? 

General OsTRANDER. 1958. 

Mr. THomas. What did we spend in 1958, 1959, 1960 and what will 
it be in 1961? Going through 1961 you will have spent about $208 
million ? 

Dr. Drypen. That figure covers only the outside contracting for 
SATURN. There is in addition our costs under S. & E., C. & E., and 
support of plant under R. & D. 

Mr. Tuomas. This is the outside contracting cost ? 

Dr. Drypen. Under R. & D., that is right. 

Mr. Tuomas. This does not take care of the Huntsville cost? 

Dr. Drypen. That is right. 

Mr. Tuomas. This is the outside contracting cost ? 

Dr. Drypen. The 1961 figure for Huntsville is $58.3 million for 
S. & E., $18.7 million for support of plant, R. & D., and $26.7 million 
for C. & E., a total of $103.7 million. 

Mr. THomas. What was the 1959 cost ? 

Dr. Drypen. The comparable 1959 figure was about $8 million. 
Through fiscal 1961 the total will be about $340 million on SATURN. 

Mr. Tuomas. That is contract cost and Huntsville cost ? 

Dr. Drypen. That is right. 
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TRACKING AND Data ACQUISITION 


Mr. Tuomas. Insert pages 195 through 199 in the record. 
(The pages referred to follow :) 


TRACKING AND DATA ACQUISITION 


Fiscal year 1959 : ; std ‘ —— $3, 095, 674 
Fiscal year 1960 ; : 16, 266, 000 
Fiscal vear 1961 EP mee beeps tbe dS 32, 550, 000 


1. Objectives 

To operate tracking and data acquisition facilities necessary to support the 
overall NASA space flight program ; to provide tracking and data acquisition sup 
port for space flight operations upon request by other Government agencies; and 
to provide for research and development on improved tracking and data acquisi 
tion systems and equipment. Major technical objectives included in fiscal year 
1961 program are: 

(a) Improvement of the overall accuracy and efficiency of existing NASA 
tracking stations. 

(b) Development of a prototype electronic tracking system of inherently 
greater precision than any present system 

(c) Development of communications techniques for spacecraft at planetary 
distances. 

(d) Speedup of data handling to reduce time lag between the experiment and 
the conclusions. 

(ec) Development of special trajectory measuring techniques and systems for 
complex payloads. 

2. Justification 

In all cases of space flight operations, whether a scientific satellite, a space 
probe, a sounding rocket, or a manned vehicle, there is a need for tracking units 
capable of delivering orbital data or position time histories, and a need for tele 
meter receivers for data acquisition. These devices must be properly coordinated 
by communications links to permit the data to be transmitted to a suitable com- 
puting center, where it may be rapidly reduced to a form in which it can be 
studied and analyzed by the scientists. The data represents the raw material 
from which the scientific experimenters will gain their new knowledge of space, 
The quantity and quality of this raw material will determine the progress made 
in space research. 

While the NASA network of stations is designed to afford the maximum 
amount of operational flexibility, there are special conditions associated with 
each test which may require equipment modifications, or in certain cases, the 
temporary installation of new items of equipment at new tracking locations, 

In order to minimize the requirements for new stations, or to compensate for 
temporary deficiencies, the NASA proposes to provide support to cooperating 
non-NASA stations which are suitably equipped to perform a useful function for 
the purposes of a particular experiment. 


ADVANCED TECHNICAL DEVELOPMENT 


Tracking and data acquisition systems development A continuing effort must 
be maintained to advance the state of the art in tracking systems and methods, 
in data reduction and analysis techniques, and in methods of telemetry and data 
transmission, Specific areas of basic research include theoretical studies and 
experimental verifications of the effects of propagation delays on various trans 
missions of time signals since accurate time measurement to within a fraction 
of a second is necessary in refined calculations of orbits: theoretical and applied 
research in low noise preamplifiers to improve reception of faint radio signals: 
theoretical studies and analysis of improved orbital Computation methods; and 
studies into techniques for communication with space vehicles at planetary 
distances. 

In addition, development of refinements in the measuring capabilities of present 
minitrack systems is contemplated to meet more exacting requirements In 
cluded are the development of such items as a rubidium-vapor, frequency-stand 
ard equipment to improve calibration accuracy: precision propagation delay 
measurement equipment; onsite data reduction systems; and prototype calibra 
tion equipment to calibrate tracking systems. 
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The development of new types of tracking and data acquisition equipment is 
proposed which will have more accuracy than present systems. This work will 
include new antenna systems and receivers to operate at higher frequencies 
(2,000 megacycles) ; transmitters for range determination ; self-tracking SySs- 
tems for directional antennas; any payload beacons for use in conjunction with 
the ground systems. / ; ‘ 

Computer support programs. Studies will be undertaken to determine the 
pest modulation technique for data acquisition and for the adaptability of the 
data received to computer programs for reducing the data. Consultative services 
will be used in this research effort. 

Data systems development.—Work will be continued in this area to foster the 
development of automatic data reduction techniques as well as to improve the 
data reduction on data now being received from telemetry systems operating 
in satellites in orbit. ie 

Optical systems development.— It is proposed to improve the present capability 
in this basic method of tracking especially for geodetic programs. Improvements 
are necessary in the timing system and in the methods of reducing data from 
photographic film accurately and rapidly. Electronic-optical techniques will be 
investigated to marry the advantages of electronics and optics into an improved 
system for tracking optically. Other work will include star cataloging, applica- 
tion of optical tracking to lunar or deep-space vehicles, exploration of possible 
uses of optical telemetry, improvements in image converters, and photodetectors, 
and the use of light retlectors on payloads. 

VERCURY tracking net techniques.—The MERCURY tracking net will un- 
dergo continuing refinement and improvement to insure maximum effectiveness 
and reliability. Work will continue on data error analysis, telemetry systems, 
tracking techniques, and communications as applied to manned space flight. The 
use of contract consultants are relied on heavily in this work. 

Development of high gain antennas.—Many long-range problems are involved 
in developing equipment to meet the requirements of communicating with 
vehicles at distances of millions of miles. While payload power is expected 
to increase, it will still be necessary to improve the antennas and receivers 
on the ground. In this connection it will be necessary to do considerable re- 
search and development to design and develop techniques and systems to eco- 
nomically improve upon present large antenna systems to receive relatively 
faint signals. 

Trajectory measurement and command equipment.—Special types of equip- 
ment are needed for vehicles whose controlled trajectory go well beyond the 
range of established launching ranges. The type of equipment required will 
depend on the characteristics of the payload and what command control fune- 
tions are involved. Certain vehicles will have capability for stopping and 
starting powered flight in last engine stages. To control the operation of such 
stages at remote locations will require development of special trajectory meas- 
urement and command control equipment. 





FLIGHT RESEARCH PROGRAM 


Operation of satellite (“minitrack”’) stations.—During the fiscal year 1961 there 
will be 14 minitrack operating stations. including 4 new ones being installed 
during the fiscal year 1960. These stations employ radio interferometers and 
are used primarily for tracking satellites which send out radio signals, where 
precise real-time date is not required. They have all-weather capability. 
They cannot track passive satellites (noes which do not emit signals) nor can 
they provide the precise orbit data available from optical systems. They have 
the advantage of being able to detect the angular direction of a satellite with 
respect to the station without prior information as to precisely where to look. 
These stations must be located in areas free of extraneous electrical disturbances. 
From a number of observations from different stations, a reasonable orbital 
determination can be made. 

Each minitrack station receives and records telemetry data on magnetic tape. 
Data from these stations are fed to a central control, communications. and 
computing center at the Goddard Center. Automatic data read-out equipment 
is being provided to speed up data collection and to permit tracking a greater 
number of satellites. 

The operational cost of three microlock stations is included in the 1961 esti- 
mates, These stations will be managed by the technical personnel that manage 
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the minitrack stations. The microlock stations may eventually be integrateg 
into the minitrack net at common locations with the minitrack stations. 

Operation of optical tracking stations.—The existing 12 Baker-Nunn optica] 
stations will continue in operation during the fiscal years 1960 and 1961 under 
the technical and administrative direction of the Smithsonian Astrophysica} 
Observatory. 

The optical stations can photograph relatively faint space objects (satellites) 
against star backgrounds to provide a precise determination of the angular posgj- 
tion of the object. Observations can only be made when the visability is goog 
and by virtue of sunlight reflected from the object. Therefore, observations 
ean only be made in periods of clear twilight. Moreover, the camera can only 
see a small segment of the sky at a time, and it must have a prior knowledge of 
where to look or the satellite will pass out of range before the camera ean 
search any appreciable segment of the sky. Information on where to look is 
usually obtained from minitrack or similar electronic systems which do not 
have the acquisition limitations of optical systems. 

It is theoretically possible from three or more optical observations to obtain 
the most precise orbital data of any technique known. For certain geophysical] 
experiments, such as in geodetic and air drag experiments, the maximum pre- 
cision of optical techniques is necessary. The optical stations must be located 
at sites where the weather conditions are such that good visibility generally pre- 
vails. This site limitation is not necessarily compatible with the site locations 
of electronic systems, which have other criteria governing their best location, 

Included in the cost of operating the optical stations is the cost of data trans- 
mission, data reduction, and data interpretation which is performed by the 
Smithsonian Astrophysical Observatory at Cambridge, Mass. Funds are in- 
cluded for the cost of the Moonwatch teams which are volunteer groups assist 
ing the Smithsonian Astrophysical Observatory in securing observations of satel- 
lites at different places in the world, using simple telescope equipment. The 
compensation to the Moonwatch teams merely defrays expenses for materials and 
for certain items of equipment. There is no compensation for the volunteer 
services as such. 

Operation of the deep space network.—During the fiscal year 1961 it is ex- 
pected that three stations will be operational. The JPL station at Goldstone, 
Calif., is currently operational; the Woomera, Australia, station will be added 
during the fiscal year 1960; and the South Africa station will be completed dur- 
ing the fiscal year 1961. 





Mr. Tuomas. This is to operate the tracking data facilities neces- 
sary to support the overall flight program. You are erecting some new 
stations. We went into this in some detail. This is al] by contract. 
The other part of the budget shows where you are erecting some new 
ones. 

Dr. Drypen. And we are to furnish the details of some of these 
operating costs to you. 

Mr. Tuomas. Who are the operators? How many are involved! 
Is it the same number we had in construction 4 

Dr. Drypen. The same people. We were talking about the operat- 
ing costs. We will make upa table for you. 

(The information is to be found on page 332.) 

Mr. Tuomas. Mr. Boland ? 

Mr. Botanp. No questions. 

Mr. Tuomas. Mr. Jonas? 

Mr. Jonas. No questions. 

Mr. Tuomas. Thank you, gentlemen. 

I humbly apologize for keeping you so late. We have covered a lot 
of ground in 3 days, however. 
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